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CHAPTER 1 
Gc,¢raO JNtrOd r4ctfiuM a*d review of OiterQttirc 
he concept of biodiversity has in recent years highlighted its crucial 
importance to human well being and its survival on this planet. Since, each 
ecosystem on earth makes important contribution to human welfare and every 
species plays an important role in maintaining its ecosystem functional, the database 
of each group of animals/plants is required for chalking out conservation strategies 
of biological resources so that we may know what wealth of biodiversity exists in a 
given ecosystem or region and the possible role that it may be playing. 
The soil, which is one of the components of terrestrial ecosystem, is home 
for a large number of organisms and hence deserves attention. The soil has mineral, 
organic, gaseous and aqueous phases with the mineral portion forming bulk of 
matrix and may appear to be static and unchangeable over short periods. However, it 
is a dynamic entity that changes over a period of time thereby gradually creating 
new habitats with resultant succession of organisms. The soil organisms depend on 
each other for carbon and energy. The structure and function of the below ground 
food webs are disrupted by hydrocarbons and heavy metal concentrations, minerals, 
fertilizers and pesticides, and by physical disturbances. However, the results of such 
disruptions are unpredictable as they are influenced by the heterogeneity of the soil, 
fluctuations in abiotic conditions (edaphic factors), chemical and physical buffering 
capacity, and by other biotic and abiotic interactions. Thus, it becomes important for 
soil ecosystem to maintain its health that can be defined as the capacity of the soil to 
function within ecosystem boundaries to sustain biological productivity, maintain 
environmental qualities and promote plant and animal health. A healthy soil should 
be able to support life processes such as plant anchorage and nutrient supply, retain 
optimal water and soil properties, support soil food webs, recycle nutrients, maintain 
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microbial diversity, remediate pollutants and sequester heavy metals. Plant 
pathologists assert that disease suppression is also a function of soil health. 
Studies in many parts of world have all implicated soil biota in most of the 
processes that are essential to soil health, together with the productivity and 
sustainability of the vegetation growing in the soil (Doran et at, 1996; Hendrix et 
al., 1986; Coleman & Crossley, 1991). Hence, there has been increasing interest 
throughout the world in the relationships between the various components of soil 
biota, soil physical properties, soil chemistry and plant production (Ingham et al., 
1985; Anderson, 1988; V erhoef & Brussard,1990; Klopatek et al., 1992). 
As said earlier, soil is the home for many small to large animals and other 
micro-organisms which play an important role in maintaining the functioning of the 
soil ecosystem. Changes in the soil conditions are reflected as changes in population 
dynamics of the micro-organisms, which act as bio-indicators of the soil ecosystem. 
Nematodes being one of these micro-organisms are also a very important constituent 
of the soil ecosystem. 
Nematodes, as one component of the soil ecosystem, interact with biotic and 
abiotic factors, producing economic crop losses but also have many other effects, 
largely unknown. They occur in any environment that provides a source of organic 
carbon in every soil type and under all climatic conditions. Their habitat may vary 
from pristine to extremely polluted. As they live in capillary water, their permeable 
cuticle helps in maintaining direct contact with their micro-environment. Any minor 
change in the micro-environment can affect them directly. Nematodes occupy a key 
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position in the soil food webs. They feed on most soil organisms and are food for 
many others. They also influence vegetation succession 
Over 26,000 nematode species have been described and their density may 
range in millions in 1m2 of soil. Over 50 different species can be reported from a 
handful of soil. Intensive repeated sampling is possible because the sample size of 
the soil required is small and therefore relatively non-disruptive to a site. Standard 
techniques for extraction of nematodes are available. They can be preserved and 
easily stored for future analysis. Faunal composition of nematodes provides 
information on succession and changes in decomposition pathways in the soil food 
web, nutrient status, fertility and acidity of the soil and the effects of soil 
contaminants. Routine analysis of nematode fauna affords rapid assessment of 
response to management activity levels of environmental stress and that provides 
suitable criteria for conservation and remediation. 
The assemblage of plant and soil nematodes species occurring in a natural or 
a managed ecosystem constitutes the nematode community. Functional groups of 
nematodes can be regarded as groups of species that have similar effects on 
ecosystem processes. These functional groups are a practical necessity because we 
can never determine how a single species affects ecosystem processes (Chapin et al., 
1992). The ecological classification of terrestrial nematodes has usually been based 
on their feeding biology (trophic functions) and on the life strategies viz, colonizers 
vs persiters (Bongers, 1990). Yeates et al. (1993) categorized terrestrial nematodes 
into eight feeding groups. but most ecologists classify soil nematodes into five 
feeding groups as discussed below (Ycates, 1998, Ycates & Bongers, 1999). 
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1. 	Plant feeding/ herbivores:- Nematodes feeding on vascular plants use a 
tylenchid stylet/ dorylaimoid stylet or onchiostyle. They may be further 
categorised on the habit of feeding an area of plant on which they feed. 
2. Hvphal feeding/ fungivores:- Nematodes in this category puncture fungal 
hyphae by a stylet with narrow lumen. 
3. Bacterial feeding/ bacteriovores:- This category includes species that feed on 
any prokaryotic food source, through a narrow or broad stoma. They may 
also ingest other types of food. Soil stages of parasites of vertebrates and 
invertebrates are also included in this category. 
4. Carnivores:- Feed on other nematodes or small invertebrates such as rotifers 
and enchytraieds. They may be either ingestors or piercers. 
5. Omnivore-predators:- They appear to feed on a range of food source. It is 
usual to restrict the term omnivore to some dorylaimids. 
Within the five groups, strong relationships are found between herbivores! 
fungal feeders, between herbivores/ predators and between fungal feeders/ predators 
(Gomes et al., 2003). Degree of correlation between different trophic groups is 
calculated by using the Karl Pearson's coefficient of correlation. It is used to 
measure the degree of relationship between two or more variables, which is based on 
arithmetic mean/ standard deviation. 
Like other invertebrates, nematodes are also self-regulating and self-
perpetuating physico-chemical entities. They are in the state of perfect balance with 
the environment, which includes everything around the organisms. 'l'he environment 
provides the minimum requirement to the organism and nothing that is lethal. The 
organisms must be able to adapt themselves to their environment even if the 
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environment threatens to change. If they are not able to do so they become extinct in 
due course. In soil, the nematodes are not capable of disturbing the soil, which is 
their habitat, but they have to change shape and size of their own bodies to suit the 
pore size and shape in the soil. Hence, the physical characteristics of the soil, like 
the particle size, distribution, soil pores and mechanical strength the soil influences 
the nematode community. The temperature does not seem to influence nematodes 
directly, but through the soil moisture. It may affect the nematode in other ways. 
Soil air such as CO2, 02 and other gasses present, also influence the soil nematodes. 
Nematodes are aerobic and become quiescent in the absence of 02. Therefore soil 
with inadequate 02, generally do not permit survival of high nematode densities. 
Higher concentration of CO2 and pH are helpful for plant growth, which help in 
growth of plant parasitic nematodes. 
As awareness of the diversity and ecological significance of the nematodes 
has increased, they are increasingly being used as indicators in the areas of 
biodiversity and sustainability. Typical ecological indices based on proportional 
contribution of each nominal taxon such as Shannon-Diversity index (Pielou, 1974) 
and Simpson index (Simpson, 1949) are used to assess diversity (Yeates, 1984; 
Wasilewska, 1979). Species richness is assessed by using Margelef's index (Clifford 
& Stephenson, 1975). Maturity index (MI) and plant parasitic index (PPI) provide 
focused tools for assessing the response of nematode assemblages to disturbance and 
had been widely applied (Porazinska et al., 1999; Georgieva et al., 2002) 
The ratio between abundance of two functional groups i.e., bacteriovores and 
fungivores is expressed as nematode channel ratio (NCR). NCR = 13/134 F. where B 
and F are respectively number of' individuals of bacterial feeding and fungal feeding 
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groups. Nematode channel ratio can be a powerful tool in analyzing both ecosystem 
processes and nematode assemblages (Yeates, 2003). Indices of the nematode fauna 
reflect changes in the nematode community, which is an indicator of soil and 
ecological processes (Yeates, 1999). Understanding the role of nematodes in these 
processes, is the key to understanding the relationship between plant and soil 
nematode communities. Since nematodes respond rapidly to new resources, the 
structure of nematode community offers an instrument to assess the conditions of 
soils. Increasing interest in biodiversity and environment concerns about 
maintaining the productive capacity of agricultural soils and interpretation of a 
growing knowledge of the contribution of nematodes to soil and ecosystem 
processes have resulted in the wide use of indices (Bongers, 1990). 
Nematodes respond rapidly to disturbances and enrichment which increases 
microbial activity leading to changes in the proportion of bacterial feeders in a 
community. Nematodes are assigned to cp groups on the basis of character sets, 
which rank them along a colonizer-persister continuum on 1-5 scale. The most rapid 
colonizers (ep-l) are bacterial feeding, enrichment opportunists with short 
generation times, large gonad volumes, high rates of egg production, high rates of 
mobility and metabolic activity, and almost constant ingestion of their microbial 
suspension in soil solution. These nematodes have the ability to enter a non-feeding, 
inactive dauer larva survival stage when resources are limited or under stressed 
conditions. The productivity characteristics of general opportunists (cp-2) are less 
extreme than those of cp-1. Feeding on bacteria appears more deliberate and the 
bacterial feeding cp-2 taxa do not have dauer larvae stage. 
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Application of community structure indices to nematode fauna has been an 
important step in the development of diagnostic tools for food webs (Sohlenius & 
Sandor, 1987; Freckman & Ettema, 1993; Gupta & Yeates, 1997; Mc-Sorley, 1997; 
Porazinska el al., 1998: Neher, 1999). a conceptual advance is the classification of 
nematode families along colonizer-persister (cp) continuum (Bongers,1990). This 
system recognizes that taxa of monophyletic families are adapted similarly to 
specific environmental conditions and food resources through anatomical and 
physiological commonalities. Taxa within a cp class are similar in their responses to 
disturbance (Bongers, 1990; Bongers & Ferris, 1999). The cp classification allows 
calculation of maturity index (MI) as the weighted mean frequency of the cp classes 
(Bongers, 1990). 
Recent developments in nematode faunal analysis include the integration of 
nematode feeding groups and cp-scaling into a matrix classification of functional 
guilds (Bongers & Bongers, 1998). Each guild represents a grouping of taxa of 
similar biology as envisioned in the use of trophic species in food web analysis 
(Cohen, 1989). The guild aggregation does not capture the exquisite biological 
variability of the species level, which represents the true detail of organism and 
community function in the food webs (Polis, 1995; Wall & Moore, 1999), but it 
resolves, in part, the likely art factual effects of trophic groups composites. 
Various case studies (Bongers et al., 2001) suggest that the MI is decreased 
by pollution (sewage waste, oil, heavy metals) but increases during the colonization 
process. Such shifts in the MI reflect deterioration or recovery of a nematode 
assemblage, and because of the ecological diversity of the nematode fauna represent 
the whole habitat from which the sample is taken. 
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Three qualitative conditions of the soil food web are described and discussed 
according to nematode indicator guilds. 
Basal condition (b):- A food web that has been diminished due to stress, 
including limitations of resources, adverse environmental conditions, or recent 
contamination. Resident or surviving organisms may be those with specialized 
physiological and behavioral adaptations. '1'he nematode guilds present are those 
adapted to stress conditions. They appear to have wide ecological amplitude. Some 
have probolae that may be used to rasp food from surfaces, many are capable of 
prolonged cryptobiotic survival with undetectable metabolic activity, and they are 
more tolerant to polluted conditions than other nematode taxa. They are 
predominantly bacterial scavengers and fungal feeders. 
Structured condition (s):- Food webs in which resources are most abundant 
or where recovery from stress is occurring. Such webs are more speciose than basal 
condition and there are more trophic links, the elements of community structure are 
apparent (Wardle & Ycates, 1993; Wardle et al., 1995). With time, maturation and 
lack of perturbation, the degree of structure may increase, as indicated by continuum 
of the nematode guilds that represent cp classes 3-5. With greater structure in the 
community, more links in the food web, nematode predation and multitrophic 
interactions occur. Environmental stability and homeostasis results in the highest 
levels of community structure. Nematodes in these guilds are large bodied, and have 
the lowest fecundity and lower population levels than cp-2 guilds. They are 
susceptible to soil disturbance and are often absent from disturbed, polluted, or 
intensely-managed environments (Bongers, 1990, l3ongers & Ferris,1999). 
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Enriched condition (e):- Food webs are enriched when disturbance occurs 
and when resources become available due to organism mortality, turnover, or 
favorable shifts in the environment (Odum, 1985). There is a flush of microbial 
activity and bacterial-feeding enrichment opportunists are enhanced. Many of its 
representatives survive periods of resource limitations in metabolically reduced 
dauer larvae alternate life stage. Nematodes in enrichment-indicating guilds often 
have phoretic relationships with insects, which enhances their invasive potential into 
newly enriched environment (Bongers, 1990, 1999; Bongers & Ferris, 1999). 
The combination of nematode feeding groups and cp scaling into 
functional guilds have developed nematode faunal analysis into a powerful tool 
which can be used as an indicator of soil health and soil food web conditions. 
Various functional guilds of nematodes have been described to compute Enrichment 
index (EI) and Structure index (SI). Enrichment index is based on expected 
responsiveness of the opportunistic guilds (Ba i ) to the food resource enrichment. 
Thus, El describes whether a soil ecosystem is nutrient enriched (high EI) or 
depleted (low EI). The SI represents an aggregation of functional guilds with cp 
values ranging from 3-5. SI describes whether soil ecosystem is structured/ matured 
(high SI) or disturbed/ degraded (low SI). In addition to these indices, Channel index 
(CI) is also calculated, which is the percentage of fungivores among the total of 
fungivores and opportunistic bacteriovores, to describe the dominant decomposition 
channels in the food web. Such analysis provides slightly different infonnation than 
other analysis based on biomass or diversity and take into consideration both 
descriptive and quantitative information on the soil ecosystem. 
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Following table depicts the probable position of different nematode families 
under various functional guilds. 
Nematode functional guilds in different food web conditions 
Basal (b) 
Bat- Cephalobidae 
Fug- Aphelenchidae, 
- Aphelenchoididae 
- Anguinidae. 
Structured (s) 
Ba3- Prismatolaimidae 
Fu3- Diptherophoridae 
Enriched (e) 
Bar Rhabditidae, 
- Panagrolaimidae 
Fu4- Leptonchidae 
Cat- Aphelenchid Carnivores 
Ca3-  Tripylidae 
Ca4-  Mononchidac 
Ca5-  Discolaimidae 
Om.,- Dorylaimidae 
0m5- 'Thornenematidac, 
- Qudsianematidae 
Inferred conditions of the soil food web and its environment based on weighted 
nematode faunal analysis. 
General Quadrat A Quadrat B Quadrat C Quadrat D 
Diagnosis 
Disturbance High Low to Moderate Undisturbed Stressed 
Enrichment N-enriched N-enriched Moderate Depleted 
Decomposition Bacterial Balanced Fungal Fungal 
Channels 
C:N ratio Low Low Moderate to high High 
Food Web Disturbed Maturing Structured Degraded 
Condition 
Many functions of soil food webs are defined in terms of key ecosystem 
processes or characterized relative to subjective perspectives. At global, societal and 
ecosystem levels, organic matter decomposition. mineral and nutrient cycling, and 
carbon sequestration are major components of resource conservation, environmental 
maintenance and even mediation of global climate change. The soil food web 
provides reservoirs of minerals and nutrients, detoxifies pollutants, modifies soil 
structure, and regulates abundance of pest and other opportunistic species (Doran & 
Parkin. 1994: Van Straalen. 1998). Alteration of the structure or function of the soil 
food web may be a consequence of environmental perturbation. It may also be an 
explicit management objective of environmental conservation and restoration 
programs, or of agricultural production practices. Evaluation of the state of web 
may be accomplished by structural or functional analysis. An alternative to complete 
structural analysis is provided by assessment of the presence and abundance of 
indicator guilds. There is considerable evidence that nematode faunal analysis 
provides useful tool in assessing the structure, function, and probably the resilience 
of the soil food web (Ferris e! al., 2001). The characteristics of the nematodes that 
make them as good bioindicators have been well documented. Functional guilds, 
trophic species or trophic dynamic modules provide a manageable basis of organism 
aggregation in food web analysis and allow practical study of community dynamics 
(Pahl-Wostl, 1995). 
When food webs become enriched there is a flush of microbial activity and 
bacterial feeding enrichment opportunists representing the Bal guild (Rhabditidae. 
Panagrolaimidae and Diplogasteridae) are enhanced. Many of its representatives 
survive periods of resource limitation in a metabolically reduced dauer larvae 
alternative life stages. Increased abundance of the Fug guild may occur when 
complex organic matter becomes available in the soil, either through natural or 
anthropogenic processes, or when fungal activity is enhanced under conditions less 
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favorable for bacterial decomposition (Chen & Ferris, 2000). Nematodes in 
enrichment indicating guilds often have phoretic relationships with insects, which 
enhances their invasive potential into newly enriched environments (Bongers, 1990; 
Bongers & Ferris, 1999). Nematodes in the Bat guild also increase with enrichment, 
but at a much slower rate than the Bai guild (Ferris e! al., 1996). 
The nematode guilds indicative of the designated food web conditions do not 
represent succession in the sense that one group is replaced by another as complexity 
of the food web increases. In many cases, they utilize different food resources, 
which become available as species richness increases. At each level of food web 
complexity, the nematode guilds representing lower complexity are also present, 
albeit proportionally less dominant, interacting at different nodes in the web. Plant 
parasitic nematode families can also be arranged on the cp scale based on life history 
characteristics, as they constitute 1-12 - 115 guilds. I)ue to host range specificities of 
these nematodes, and their response to the objective of maximized primary 
production in many managed ecosystems. they require separate analysis as 
indicators of environmental perturbation (Bongers, 1990). 
For better understanding and developing concept of faunal profile, functional 
guilds of nematode fauna are ordinated along a structure and enrichment trajectory. 
Both trajectories have cp-2 guild as their origin. The enrichment trajectory 
calculated as enrichment index (EI), is based on expected responsiveness of the 
opportunistic non-herbivores guilds (Bai and Fug) to food resource enrichment. The 
structure trajectory calculated as structure index (SI), represents an aggregate of 
longevity, body size and disruption-sensitivity of functional guilds as captured in the 
cp classification of taxa (Bongers, 1990). Distances along the structure trajectory are 
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weighted according to the complexities of the food web indicated by the incumbent 
guilds. The enrichment trajectory is an indicator of the level of primary enrichment 
of the food web, i.e., it indicates the abundance and activity of primary detrital 
consumers. A food web characterized at the proximal end of the structure trajectory 
would be considered basal and indicates a stressed environment, while at distal end 
it would indicate stable environment. Indication of environmental enrichment is 
independent of the food web position along the structure trajectory. The indicator 
importance of the presence and abundance of different guilds varies with food web 
complexity. In structured food webs, the presence of cp-2 guilds is relatively 
unimportant since they are present in all food webs. However, the presence of Ca5 
and 0m5 guilds is a very important indicator since these nematodes are usually not 
found in disturbed environment. The structure weightings of guilds reflect the 
postulated degree of trophic connectance as the system matures or progressive food 
web simplicity as the system degrades. The faunal profile is constructed to indicate 
whether the soil community is basal (and inferred stressed), enriched, or structured 
and stable. The greater weight assigned to Bai opportunists than to stress surviving 
bacterial feeders (Ba2) enhances sensitivity for detection of enrichment. 
Decomposition of organic matter may proceed through different channels in 
the soil food web. At one extreme, materials of high cellulose and lignin content and 
high C:N ratio are decomposed through fungal dominated pathways, at the other 
extreme moist, N-enriched tissues are decomposed through bacterial dominated 
pathways (Wardle & Yeates, 1993). Nematode faunal analysis is easily applicable to 
such higher resolution food web diagnostics. The ratio of fungal to bacterial feeding 
nematodes have been used as an indicator of decomposition pathways (Freckrnan & 
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Enema, 1993; Neher & Campbell, 1994; Sohlenius & Sandor, 1987; Todd, 1996; 
Twin, 1974). The percentage of the opportunistic nematode grazing on fungi and 
bacteria (Fu2 & Ba i ), weighted by their fecundity and life course characteristics, that 
is represented by Fug, is indicated by channel index (Cl). 
The El assess food web response to available resources and the CI indicates 
the predominant decomposition pathways. The two indices, in combination, provide 
a powerful basis for assessing soil fertility levels, nutrient availability, nutrient 
leaching potential and necessary adjustments of C or N to alter these conditions. 
They have the appealing feature that they do not require total faunal analysis or 
identification of nematodes in all, functional guilds. These indices are based solely 
on the abundance of Bai guild (primarily Rhabditidae, Panagrolaimidae and 
Diplogastridae), the Fu, guild (primarily Aphelenchidae, Aphelenchoididae and 
Anguinidac) and the Ba, guild (primarily Cephalobidae). The SI can also be used 
independently of the faunal profile to represent time course progressions in the 
structure of the soil food web in response to disturbances and during remediation. 
Nematode diversity with reference to their use as indicators of soil 
disturbances have been widely studied by many scientists throughout world. Since 
1970's nematodes have been used as environmental bio-monitors for aquatic 
systems. During last two decades, interest in using nematode communities as 
indicators in monitoring terrestrial environmental conditions has been initiated. 
Bongers (1988) and Jones el al. (1996) studied the effect of soil texture on 
dorylaimid populations. Ingham (1985) reported the role of nematodes in regulating 
the cycling of major nutrients in the soil. Maturity index was developed for 
terrestrial nematodes by Bongers (1990). Korthals cat al. (1996) proposed the use of 
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M12-5 instead of original Mi. Korthals et al. (1998) investigated the effects of 
vegetation on nematode indices and reported that vegetation increase MI. Weiss and 
Larink (1991) studied nematode responses to heavy metal sludge in agricultural 
plots. Bardgett et al. (1994) and Yeates el al. (1994, 1995) studied the effects of a 
timber preservative based on Cu, Cr and As on soil biota, including nematodes and 
reported that concentrations of these metals played a role in nematode survival. 
Chen et al. (2003) studied effect of Agrochemicals on nematode community 
structure in Soybean field. They reported that application of acetachlor had effects 
on the nematode communities as indicated by food web indices. Ruess (2003) 
compared decomposition pathways of different ecosystems and recorded values of 
Cl for crop field, grassland and forest as 18, 24 and 50 respectively. Neher et al. 
(2004) and Neher and Campbell (1994) concluded that maturity and trophic 
diversity indices better differentiate the ecological conditions of the soil than 
nematode trophic groups. [ttema and Bongers (1993); Freckman and Ettema (1993); 
Freckman and Virginia (1997); Wasilewska (1994); and Yeates and Bird (1994) 
studied the relationships between nematode communities and succession of natural 
ecosystems or environmental disturbances. Ro and Cho (2000) reported that 
available phosphates (PZOS) with metals in soils of low p1i can affect the abundance 
of nematode trophic groups Ekschmitt el al. (2001), Neher (2001) and Liang et al. 
(2007) have shown that nematodes are good indicators of soil ecological processes 
in different ecosystems. Ferris et al. (2001) gave the framework for soil food web 
diagnostics with extension in nematode faunal analysis concept. Kim et al. (2002) 
studied effects of toxic materials on soil health and their relation with human health. 
Jarup (2003) and Li and Yang (2008) reported that contamination of soils by heavy 
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metals effects soil health and have considerable impact on nematode populations. 
Ferris and Matute (2003) studied the structural and functional succession in the food 
webs of agro-ecosystems. Hanel (1993, 1994, 1995, 1996, 1998, 2000, 2001, 2002, 
2003, 2003a, 2003h. 2004. 2004a) published a series of papers on nematode 
population dynamics and role of nematodes in soil food webs. Nagy el al. (2004) in 
a study of dose dependent effect found Zn to decrease the structure index as well as 
the proportion of the most sensitive predatory and omnivorous taxa. Liang et al. 
(2005) performed faunal analysis of brown soils and found that SI detected 
structural differences of nematode community for various types of soil treatment. 
Sochova et al. (2006) studied nematode abundance and community structure 
analysis and proved it to be a sensitive indicator of stress caused by soil pollutants 
and soil disturbances. Li et al. (2006) studied effects of heavy metals on soil 
nematode communities in agro-ecosystems near a metallurgical factory and found 
MI and PPI to be related to heavy metal concentrations. Pamela Zolda (2006) 
studied nematode communities of grazed and ungrazed grassland in Eastern Austria 
and reported high values of Cl and Ml. Pavao-Zuckermann and Coleman (2007) 
found that urban soil tend to have lower abundance of predatory and omnivore 
nematodes than rural soils in a study comparing nematode communities of rural and 
urban soils. Sanchez-Moreno and Navas (2007) published food web based detailed 
nematological results from a survey of heavy metal polluted soils within the basin of 
Guadiamer river in Southern Spain and reported significant negative correlations 
between zinc concentrations and Margelef's index, taxon richness, SI, MI and 
Shannon's diversity. Zhang et al. (2007) studied responses of nematode assemblages 
to Cu and Zn pollution on corn fields near a copper smelter in Northeast China. 
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They reported significant negative correlation between total Cu and nematode 
density, proportions of bacteriovores, plant feeders, omnivores/predators, nematode 
channel ratio and Sl. Cheng and Grewal (2009) studied dynamics of soil food web 
under urban landscape and reported that anthropogenic activities resulting in the loss 
of top soil can have profound effect on the structure of soil food web, which may 
severely limit its capacity to support optimal nutrient cycling. Dechang el al. (2009) 
and Tomar et al. (2009) studied effects of heavy metals on nematode functional 
guilds in agro-ecosystems of Shenyang, Liaoning province, China and reported that 
the concentrations of lead were most significant at distance of 20 m from the 
highway, and than concentration gradually decreased to further distances and 
nematode indices significantly correlated with heavy metals concentration. Hanel 
(2010) studied succession of nematodes in agro-ecosystems and compared it with 
abandoned fields in South Bohemia. He found that MI gradually increased with age 
of field as it moved towards succession and the shift to fungal decomposition 
channels from bacterial channels as indicated by nematode fauna. Bierdermann and 
Boutton (2010) studied biodiversity and trophic structure of soil nematode 
communities in a subtropical ecosystems, mainly focusing on nematode responses to 
woody plant encroachment in urban areas and concluded that energy flow through 
nematode food webs in grasslands appear relatively diversified. In their study SI 
indicated that nematode communities within wood clusters were more simplified 
than those in grassland due to reduction in densities of omnivores and predators. 
Tabarant ei al. (2011) based on their study on banana planted agro-ecosystem 
concluded that plant residue as bagasse (which is left over after fruit harvest), 
mainly composed of cellulose and lignins, favour fungal decomposition pathways 
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and permitted development of carnivorous nematodes, thus increasing channel 
index. Park et al. (2011) studied effects of heavy metal contamination in abandoned 
mines and found that nematode diversity was less in contaminated compared to non 
contaminated area. Liu et al. (2011) studied effects of biological crusts on soil 
nematode communities and found that nematode abundance, generic richness and 
food web based indices as El and SI positively correlated with different crust ages. 
Though, many studies have been performed in other parts of world, studies 
on the use of nematode as indicators for assessing soil conditions is a new frontier of 
research for soil ecologists in India. There are few sporadic reports of study to use 
nematodes as indicators of soil conditions. Tomar and Ahmad (2009) studied 
nematode community in a natural woodland of Aligarh region, and reported it to be 
a stable ecosystem on the basis of maturity and plant parasitic indices. Moreover not 
much work has been done using nematode guilds as indicators of soil conditions in 
India, which have again proved to be important indicators from studies around the 
world. 
The present study was planned with an objective to study nematode 
responses to different type of disturbances and to study their status and process in 
different ecosystems. The study has been divided in to seven chapters, each 
discussing different aspects of nematode ecology. The first chapter is introduction 
about the topic with review of the work done in relation to present study. Chapter 
two deals with nematode community responses to waste-water irrigation in an agro-
ecosystem. Nematode communities of an agricultural field were analysed in relation 
to heavy metals (total lead, zinc and copper) accumulated due to irrigation with 
waste waters. Third chapter deals with nematode succession in open cast coal mines 
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of Sonebhadra. Three different mining sites have been selected according to age of 
the stand and succession of nematode communities have been studied. Fourth 
chapter deals with response of nematode to lead stress along a section of national 
highway. This study was conducted in China. Fifth chapter deals with distribution 
of nematode trophic groups along a distance gradient from a thermal power plant. 
Sampling for the study has been done from agro-ecosystems located near to thermal 
power plant emitting fly ash. Sixth chapter is about status and process of nematode 
assemblages in agro-ecosystem. Samples were collected from three different stages 
of crop maturity namely, sowing, flowering and harvesting. Nematode communities 
have been studied with relation to different indices and results presented. References 
have been presented as seventh chapter. 
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CHAPTER 2 
N¢satod a cvmiitiiity r¢spois¢s to waste-water 
irri patioM iN aN a jro-¢cos s 
Introduction 
The growing problem of water scarcity has significant negative influence 
on economic development, human livelihoods, and environmental quality 
throughout the world. Rapid urbanization and industrialization releases 
enormous volumes of wastewater, which is increasingly utilized as a valuable 
resource for irrigation in urban and peni-urban agriculture. Wastewater is any 
water that has been adversely affected in quality by anthropogenic influence. It 
comprises liquid waste discharged by domestic residences, commercial 
properties, industry, and/or agriculture and can encompass a wide range of 
potential contaminants and concentrations. These waters are important source of 
irrigation in rural economies like India where costs of underground bore wells 
are very high and difficult to manage for small and marginal farmers. It drives 
significant economic activity, supports countless livelihoods particularly those of 
poor farmers, and substantially changes the water quality of natural water bodies 
(Marshall el al., 2007). Wastewater may contain various heavy metals including 
Zn, Cu, Pb, Mn, Ni, Cr, Cd. depending upon the type of activities it is associated 
with. Continuous irrigation of agricultural land with sewage and industrial 
wastewater may cause heavy metal accumulation in the soil and vegetables 
(Sharma et al., 2007; Marshall et al., 2007). Heavy metals are generally not 
removed even after the treatment of wastewater at sewage treatment plants, and 
thus cause risk of heavy metal contamination of the soil and subsequently to the 
food chain (Fytianos el al., 2001). Heavy metal pollutants influence the food 
availability and competitive interactions among species of soil biota and finally 
affect the biota communities in an indirect way (Korthals er al., 1996). 
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Nematodes being important component of underground food web are influenced 
by accumulation of various heavy metals in the soil. Since soil nematodes live in 
the soil pore water, they are assumed to be exposed to the contaminant 
concentration in the solution, which offers good perspectives for assessing the 
ellects of contaminants in relation to their bioavailability in the soil (Hoax & 
Aben, 1993; Liang et al., 2007). Because nematodes are highly dependent on 
soil properties, anthropogenic changes in soil systems can strongly affect their 
community composition (Griffiths et al., 2003) and hence nematode assemblages 
have received much attention as indicators of heavy metal pollution in soils 
(Dechang et at, 2009; Tomar ci al., 2009). Various workers throughout the 
world have studied the effect of heavy metals on nematode communities in agro- 
ecsystems. Li et al. (2006) studied effects of heavy metals on soil nematode 
communities in ago-ecosystems near a metallurgical factory. Zhang et a1. 
(2007) surveyed responses of nematode assemblages to Cu and Zn pollution on 
corn fields near a copper smelter in Northeast China. Dechang et al. (2009) and 
Tomar et al. (2009) studied effects of heavy metals on nematode functional 
guilds in agro-ecosystems of Shenyang. Liaoning province, China. But largely, 
the effects of urban wastewater irrigation in agro-ecosystems near urban 
settlements have not been studied in India and elsewhere, so the present work 
was initiated.  
In the present study an experiment was designed to see the effects of 
wastewaters containing effluents from lock industries on nematode fauna in a 
crop field. These fields have been irrigated with wastewaters for more than 50 
years and vegetables, as Radish (Raphinas .tips.) and cauliflower (Brassica 
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oleracea) are grown in these fields and supplied to local market for 
consumption. The wastewater comprises both industrial wastewater from 
factories and domestic sewage. The city is famous for its lock manufacturing, 
steel and electroplating industries. However, it is noteworthy that there is no 
infallible separation of industrial effluents from domestic wastes and the two get 
mixed because (a) small scale industries are house-based and (b) proper 
compartmentalization of sewerages has not gained popularity due to lack of strict 
laws and their enforcement procedures. The lacunae of knowledge on influence 
of heavy metals on nematode communities in a polluted agro-ecosystem from 
India led to initiation of this work. Thus, the objectives of present study were 
• To assess long term effects of heavy metal pollution on nematodes in an 
agro-ecosystem irrigated by wastewaters. 
• To evaluate the effectiveness of different ecological indices applied to 
the nematode community for assessing soil pollution impacts. 
• To infer the effects of heavy metal pollution on soil food web status and 
ecosystem functioning to predict soil health. 
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Materials and methods 
Study area and soil sampling 
The experimental site wa a crop field located at about 6 km from 
Aligarh city on Aligarh-Mathura link road (elevation 183 as], coordinates 
27°51'03.33" N, 78003'30.63" E). The wastes of lock industries located in the 
city as well as the domestic waste are dumped in a canal, which runs out of the 
city and farmers in neighboring areas use this water for irrigation. Soil samples 
were collected from crop field at the depth of 0-20cm along a pollution gradient 
at the distance of 5m, I Om, 20m and 40m eastwards from the source of pollution. 
The crop at the time of sampling was cauliflower (Brassica oleracea). Five 
replicates were collected by using steel corer of 5cm diameter, each replicate 
consisting of five soil cores. Soil samples were then stored in plastic bags and 
transported to lab for chemical and nematode analysis. 
Soil chemical analysis 
Total organic carbon, total Copper, total Zinc and total Lead was 
determined according to experimental protocol. Dried sub-samples were ground 
to pass through 149µm sieve for determination of total Pb, Cu, and Zn. These 
heavy metals were then determined using AAS (ANALYST 300, PERKIN 
ELMER) after digesting with I-1NO3: lIC103 (3:1). Total organic carbon (TOC) 
was estimated using Walkley and black method with blank as control. 
Nematode Extraction and identification 
Nematodes were extracted using Baerman's funnel technique. They were 
killed and fixed according to standard procedures. Mass slides containing about 
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one hundred nematodes per sample were prepared for identification. 
Identification up to generic level was done mainly using Goodey (1963); 
Jairajpuri & Khan (1982); Andrassy (1984), Siddiqi (1986), dairajpuri & Abroad 
(1992); Abroad (1996). Trophic groups were allocated according to Yeates etal. 
(1993) and cp groups were assigned after Rangers (1990). 
Data Analysis 
Nematode diversity was described using the univariate measures of the 
Shanon index calculated at genus level (H') and multivariate analysis was 
performed by ANOVA using SPSS. Shannon's diversity index was calculated by 
SPECDIVE. Nematodes were assigned to five main trophic groups: 
bacteriovores, fungivores, herbivores, omnivore-predators and carnivores 
according to their perceived life history strategics and feeding habits (Yeates et 
al. 1993). Trophic diversity was calculated by the trophic diversity index, (TDI) 
(Heip et aL, I988). The channel index (Cl) (Ferris et aL, 2001) was calculated to 
indicate predominant decomposition pathways (Ruess, 2003). Structure index 
(SI) and enrichment index (El) were calculated to determine the relative stability 
of the ecosystem studied. Metal Pollution index (MPI, Agrawal et al.., 2010) was 
calculated and correlated with nematological indices. In all the above-mentioned 
indices, nematode families were allocated cp scale according to their perceived 
life history strategy. 
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Detailed description of the formulae used are given below 
Shannon's diversity (H') = —E (pi In pi) 
Maturity Index (MI) 
M1= I V (i). f (i ) 
i=1 
Where Vi= cp value of the ith taxon. 
f(i) the frequency of that taxon in a sample 
*Maturity index (MI) is calculated as the weighted mean of the individual 
cp value. 
Plant Parasitic index (PPI) 
PPI=IPPiXi/IXi 
Where, Ppi = PP value assigned to taxon i according to Bongers (1990). 
Xi = abundance of taxon i in the sample. 
Enrichment index (EI) _ (e/e+b) x100 
Structure index (SI) = (s/s+b) x 100 
where e, b & s are sum products of assigned weights and number of 
individuals of all genera. 
Channel index (Cl) = 100 x 0.8 Fug / (3.2Ba2 + Fu2) 
Trophic Diversity index (TDI) = 1 /ypi2 
where pie is the proportional contribution of iei trophic group. 
Metal Pollution Index (MPI) (µgg"') _ (Cfjx Cf2x Cf3x ........x Cf„)'~" 
where Cf„ = concentration of metal n in the sample 
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Results 
Soil Analysis 
Soil samples were analyzed for total organic carbon, total lead, total zinc 
and total copper. The soil chemical properties at different sampling sites have 
been listed in Table 1. The total organic carbon was highest at 10m while it was 
lowest at 20m. The concentration of lead was lowest at 40m and highest at I Om. 
'Total copper concentration was highest at 10m and lowest at 40m while total 
zinc concentration was highest at 10m and lowest at 20m. The metal pollution 
index (MPI) was calculated as weighted geometric mean of concentration of 
metal in different samples. It was highest at 10m and lowest at 40m. It was 
observed that heavy metal concentration was highest at l Om for source for all the 
three heavy metals and lowest at 40m for lead and copper and at 20m for zinc 
(Fig.1). 
Table 1. Different parameters at various distances (n=5, mean*SD) 
Parameter 	5m 	l0m 	20m 	40m 
3NEM 460.0±107.9 629.2±132.8 460.0±209.1 387.2±66.3 
11' 2.20±0.20 2.11±0.20 2.30±0.20 2.11±0.10 
M 1 1.87±0.18 1.67±0.25 1.92±0.19 1.81±0.28 
El 67.29±26.30 75.44±10.64 62.53±11.40 51.96±23.28 
SI 36.43±37.36 33.77±10.37 22.50±17.01 6.92±10.72 
BF 32.80±12.77 35.20±14.92 59.0±32.77 68.60±8.82 
8.60±2.96 Fu 8.20±5.21 5.0±4.84 4.20±3.63 
H 54.20±12.71 61.20±16.25 35.40±34.95 22.40±10.78 
Om 2.2±2.16 1.20±1.78 1.40±1.14 1.20±1.09 
Ca 1.60±2.30 0.8±1.09 1.40±1.14 2.0±1.22 
TDI 2.29±0.35 2.05±0.32 1.61±0.29 1.93±0.31 
CI 17.94120.16 7.55±8.69 4.18±2.52 13.84±8.94 
TOC (g/kg) 14.05±1.26 15.71±0.13 8.37±4.15 15.34±0.85 
TCu (mg/kg) 460.68+12.10 685.20±42.51 237.57±129.80 183.62±28.86 
T11b(rng/kg) 	117.12±3.03 	154.06±10.51 	50.59±35.64 	45.85±18.2 
-I7.n(mg/kg) 	1071.80.±-6.87 	1764.801349.73 	457.40+332.3 I 	488.01101.45 
3.86 0.06 	5.68±0.47 	1.74±1.16 	1.58+0.37 
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Fig. I. Concentration of abiotic parameters at different distances 
Nematode community analysis 
A total of 40 nematode genera belonging to 6 orders and 17 Families were 
identified from the study area at all the distances (Cable 2). Abundance of 
nematodes was highest at IOm and lowest at 40m. At the distance of 5m and 
IOm Ruleodorus was most abundant amens all the nematode genera. x+hile at the 
distance of 20m Rhuhililis was most abundant. Acroheles was most abundant at 
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Table 2. Abundance of nematode genera at different distances (n=5, mean±SD) 
Genera 	 Functional 	5m 	 lOm 	20m 	40n- 
Guild   
Bacterios ores 
Alesorhabditis Ba1  0.6±1.3 4.0±2.8 6.6±3.3 1.6±3.6 
Panes rolainrus Ba 3.8±5.5 0±() 3.6±3.5 3.4±2.5 
Prismatoluimus Ba1 5.4±3.2 5.6±5,9 2 6±2.9 8.2±8.3 
Rhabditis Ba► 6.4±9.7 3.0±6.7 17.0±10.7 5.6±12.5 
Zeldra -- Bu; 
Ba,  
2.0±3.1 0.8±1.1  0.4±0.9 0.8±1.8 
Acroheles 6.8±5.6 9.2±2.8 13.4±12.3 24.2±5.9 
Acrobeloides Ba: 0±0 0.8±1.8 2.8±2.2 2.2±1.5 
Ce ►halobus Ba2 3.4±3.3 5.6±4.4 6.6±2.9 14.8±9.4 
Chiloplacus Bat 2.4±2.6 2.8±1.6 1.2±1.7 2.0±2.4 
Chronogaster Ba2 0±0 2.2±1.5 2.69±1.7 2.0±2.4 
Fuce h lobas Ba  2.0±3.1 1.2±2.7 2.2±1.3 5.8±3.3 
Herbivores 
.l lenchw H; 0±0 0t0 0.4±0.9 0±0 
Basiria 11 0±0 0±0 2.0±2.8 0+0 
Boleodorus 112 20.2±4.15 23.4±9.1 12.2±9.9 6.8±4.8 
Tvlenchus 2.4±2.9 4.6±3.9 4.0±2.7 3.8±1.3 
Helicotvlenchus 11 12.4±7.9 12.6±9.6 7.8±10.8 7.0±5.6 
Hemicrinemoides 113 0±0 1.0±1.0 0.4±0.9 0±0 
Hoplolaimus 1-13 15.8±10.8 13.2±5.5 6.6±9.1 4.6±5.1 
Pratvlenchus 11 0.8±1.1 0.6±1.3 0.4±0.9 0±0 
Trophurus 113 0.6±1.3 0±0 0±0 0±0 
Tvlenchorhynchus 11 0.8±1.8 1.2±1.6 1.2±2.7 0±0 
Aterluuus Hr 0.8±1.1 4.6±2.4 0±0 0±0 
Orivcrutus 11 0.4±0.9 Pf0 0.4±0.9 0.2±0.4 
Lon dorus H, (H-0 0± 0±0 0.2±0.4 
Fu 	ivores 
Aphelenchoides Fu. 1.4±3.1 0.8±1.8 0.4±0.9 2.2±2.5 
Aphelenchus Fu;  4.0±2.4 3.2±3.6 2.4±3.3 5.4±2.7 
Filenchus Fu• 1.6±1.8 0.4±0.9 1.4±1.3 0.4±0.9 
Tvlencholaimus Fu, 0.6±1.3 0.6±1.3 0±0 0.6±1.3 
Dorylaimellus Fus 0.6±1.3 0±O 0±0 0±0 
Omniv ores-
Predators 
Ecuntenicus Om, 0±0 0.4±0.9 0.4±0.5 0±0 
Larocephalous Om, 0±0 0±0 (}±0 0.4±0.9 
Afesodorvlaimus Om, 1.0±1.4 0±0 0±0 0±0 
Alo.sha Yes Om, 0.21-0.4 0±0 0±0 0±0 
Thornenema Om I  0.4±0.9 0±0 0.2±0.4 0±0 
Eudonvlaimus Om, 0.6±0.5 0.8±1.1 0.8±1.1 1.2±1.1 
Carnivores 
Tobrilcs Ca+ (1±0 0.4±0.9 0±0 0±0 
Try la Ca3 0.2±0.4 0.4±0.9 0.6±0.9 01-0 
Ironus Ca, 0.4±0.9 0.6±0.9 0.6±0.9 0.8±1.1 
A 	rcelaiurellus Caj 0±0 0±0 0±0 0.4±0.9 
Discolaimus Ca 1.0±1.4 0±0 0.2±0.4 0.2±0.4 
the distance of 40m. Longidorus and Aporcelaimellus were found only at the 
distance of 40m, whereas Dorylaimellus, Mesodorylaimus and Thornenema were 
present only at the distance of 5m. 	Aglenchus and Basiria were reported only 
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from the distance of tom. Overall Roleodorus was most abundant among all the 
nematode genera at all distances. Its highest abundance was reported from 10m 
where the concentration of heavy metals was highest. The presence or absence of 
these nematode genera at a particular site seems to be influenced by heavy metal 
concentration. 
Of the total 40 genera recorded, II were bacteriovores, 13 herbivores, 5 
fungivores, 6 omnivores-predators and 5 predators. Bacteriovores were most 
abundant at distance of 40m and lowest at 5m; fungal feeders were most 
abundant at 40m and lowest at 20m; herbivores were most abundant at distance 
of lOm and lowest at 40m while omnivores-predators were most abundant at 5m 
and lowest at 10m, The carnivores nematodes were most abundant at 40m while 
lowest at 10m. Among bacteriovores Acrobeles was most abundant at all the 
distances, while in herbivores Boleodorus was most abundant at 5m, I0m and 
20m but Helicotylenchus was abundant at 40m. Among fungivores Aphelenchus 
was abundant at all the distances. Among omnivores-predators Eudorylaimus 
was present at all the sampling distances and was most abundant, while among 
carnivores Ironus was present at all the sampling distances and was most 
abundant. The population structure of carnivores was mainly influenced by the 
abundance of Ironus and Trjpla which are low ep value carnivores. Discolaimus 
was absent from distance of LOm, where the concentration of the heavy metals 
was highest. An important observation in the present work was complete 
absence of mononchid nematodes at all the distances which suggest their utility 
as indicators of heavy metal pollution. 
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Diversity and maturity indices 
Diversity and maturity indices were calculated to assess the diversity of 
nematodes at different distance in relation to abiotic factors studied. Shannon's 
diversity (H') and trophic diversity index (TDI) were calculated to assess 
diversity of nematode genera and trophic groups. The Maturity index (MI) was 
calculated to assess the maturity of the agro-ecosystem. The value of Shannon's 
diversity index was highest at the distance of 20m, while it was lowest at 40m. 
The maturity index was highest at 20m while it was lowest at 10m. Trophic 
diversity index was calculated to assess the trophic diversity in relation to 
distance gradients. It was highest at 5m while lowest at 20m. The trophic 
diversity index was highly significant at 10m, where the concentration of all the 
studied heavy metals were highest. 
Weighted faunal analysis 
Faunal analysis is higher resolution study which gives in depth 
knowledge of the status of food webs in the ecosystem. The indices calculated 
are based on functional guilds of nematode which depend on weighted nematode 
indicators guilds (Ferris et al., 2001). The structure index (SI) was calculated to 
assess the structure of ecosystem. The values for SI were overall very low, 
indicating the polluted status of ecosystem. The highest value of SI was observed 
at Sm, while lowest value was found at 40m. The enrichment index (El) gives 
the status of enrichment in the ecosystems due to contamination. The values of 
El observed in the present study were very high at all the sites giving an idea of 
enriched ecosystem. The values for El were highest at l0m and lowest at 40m. 
The channel index was calculated to assess the decomposition pathways at 
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Fig. 2. Faunal ordination of the study area (1-4 represent distance gradient) 
various distances in the ecosystem. The higher values of channel index indicate a 
fungal dominated decomposition pathway while lower value indicates the 
bacteria based decomposition pathway. The values for Cl in present work were 
mostly low, lowest being at 20m and highest values were recorded at 5m. The 
faunal ordination graph between structure index on structure trajectory and 
enrichment index on enrichment trajectory, called as Faunal Profile (fig_ 2) 
indicated that primarily a D-A-13 quadrat for different sampling distances. The 
samples from 1 Dm and 20m mainly centered in A quadrat indicating high 
disturbance. N-enrichment, bacterial based decomposition channels and 
disturbed food web condition, while from 5m mainly centered in I3 indicating 
low to moderate disturbance, and maturing food web conditions, and from 40m 
it was centered in D quadrat indicating stressed food web, with depleted 
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enrichment. It can be thus assumed from the faunal analysis that the present 
agro-ecosystem is a degraded and disturbed type of ecosystem with bacteria 
based decomposition pathways and high N enrichment. 
Heavy metal influence on nematode diversity and soil food webs. 
Some significant correlations were observed between concentration of 
heavy metals and ecological indices. Total abundance of nematode (TNEM) 
positively correlated with total copper (TCu), total lead ('I'Pb), total zinc (TZn) 
and metal pollution index (MPI) all significant at (p<0.05). Maturity index (MI) 
positively correlated with concentration of total zinc (p<0.05) whereas, Structure 
index (SI) positively correlated with all the three heavy metals (p<0.05). 
Bacteriovores showed highly significant negative correlation with TCu, TPb, and 
TZn (p<0.01). Herbivores showed a positive correlation with all the three heavy 
metals studied (p<0.01). Metal pollution index showed a positive correlation 
with total organic carbon (p<0.05) and three heavy metals (p<0.01). No 
significant correlations of heavy metals with enrichment index, fungal feeders, 
omnivores-predators, carnivores, trophic diversity index and channel index was 
observed. Thus, heavy metals significantly influenced the diversity indices and 
food web conditions of the agro-ecosystem (Fig. 3). 
Trophic group correlations 
Structure index showed a negative correlation with bacterial feeders (ns), 
fungal feeders (p<0.05). and positive correlation with plant parasites, omnivores-
predators at the level of p<0.05 and carnivores (p<0.01). Bacterial feeders 
showed a strong negative correlation with herbivores (p<0.01). Fungivores 
showed a positive correlation with trophic diversity index (p<0.05). Enrichment 
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index showed a strong negative correlation with channel index (p<0.01) and 
some negative correlation with fungal feeders (p<0.05). Total abundance of 
nematode had positive correlation with Shannon's index (p<0.05) and herbivores 
(p<0.05) (Figs. 3a, 3b, 3c). 
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Figs. 3a, 3b, 3c. Correlation graphs between different parameters (all values 
significant at p<0.005 and p<0.001) 
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Discussion 
The present experiment was aimed to study the effect of urban 
wastewater irrigation contaminated by heavy metals on ecological indices and to 
infer diversity, successional and functional changes produced by it on nematode 
communities. The effect of total concentration of three heavy metals, lead (Pb), 
zinc (Zn) and copper (Cu) on nematode communities was studied in respect to 
distance from the source. Malls et al. (2007) have reported an improvement in 
the fertility status of the soils but with buildup of metallic cations in the soil 
upon sewage water irrigation. Jagtap et al. (2010) reported various heavy metals 
in soils irrigated with city waste waters from Pune, India. In the present 
experiment the concentration of heavy metals were extremely high as compared 
to earlier studies with city waste waters, it was highest at 10m. It may be due to 
the fact that in earlier studies only general wastes of cities were dumped, but the 
drain selected for present study is being used to dump effluents from lock 
industries which require heavy metals in various stages. In particular the 
concentrations of Zn have been very high as it is used for polishing purposes in 
locks. The background values for elements in Chinese agro-ecosystems are 
reported to 21.7mglkg for Cu and 56.7mglkg for Zn (hang et al., 2003), 
whereas, the heavy metal contents in the studied ago-ecosystem were 
significantly higher than the background values. The total Pb, Zn and Cu 
exhibited significant correlation with distance from the source with respect to 
nematodes. The concentration of the three heavy metals was highest at 10in in 
present study which differed slightly from earlier reports where the 
concentration of lead and zinc were higher at 40m from source and that of 
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copper was highest at 20m (Dechang et al., 2009; Tomar et al., 2009). It may be 
due to that fact that the accumulation of metals in present study is due to seepage 
of water whereas in their study heavy metals accumulated in agro-ecosystems 
due to vehicular exhaust. The concentration of lead at different distances may 
have been influenced by vehicular exhaust also, as the site was located in 
vicinity of highway with very heavy vehicular density. 
The results indicate that Cu and Zn had positive effects on the nematode 
communities and trophic structure. The abundance of herbivores was mainly due 
to abundance of Boleodorus at 10m, which appears to be an important indicator 
of heavy metal pollution. Although some other factors might also be responsible 
for its abundance as high Zn concentrations may have lead to high growth of 
plant tissues available for feeding by herbivores thus, increasing their 
abundance. It is in full agreement with Korthals et al. (1998) who reported that 
absolute abundance of some taxa may be stimulated by high concentrations of 
Zn and Cu. Georgieva cat al. (2002) and Dechang et al. (2009) reported that 
herbivores had some significant responses to heavy metal pollution. The density 
of herbivore nematodes can be related to biomass and vigor of plants (Bongers & 
Ferris, 1999). Therefore, the highly significant correlation of herbivores with Cu 
and Zn in the present experiment may be explained as these microelements 
effect the plant growth leading to increase in population of herbivores. Changes 
in abundance of herbivores are usually related to primary production and plant 
susceptibility, bacterial and fungal populations or a combination of these factors 
(Li el al., 2006). The total number of nematodes also showed significant positive 
correlation with heavy metals. I lighest abundance was reported at IOm which 
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was most polluted site. This is in contrary to studies by Georgieva el al. (2002) 
who reported significant decrease in abundance of nematodes with increasing 
zinc concentration. '[his may be explained as the concentrations of different 
metals in those studies were very low as compared to present study, and after a 
limiting value the concentration of metals may positively affect nematode 
development leading to increase in abundance (Korthals el al., 1998). Trophic 
analysis of a nematode community by Parmelee et al. (1993) demonstrated that 
certain trophic groups are more sensitive to copper than the total nematode 
population. This is in agreement in with present study where total abundance 
was higher at I Om site with highest metal concentration but omnivores predators 
and carnivores were lowest at this site. Also the population of bacteriovores 
increased gradually with increase in distance from source of metal pollution. 
There is some disparity with results of I,i et al. (2006) who reported 
bacteriovores to be most dominant trophic group in heavy metal contaminated 
soils near a metallurgical factory, whereas, in present study herbivores are found 
to he most dominant trophic group. They reported complete absence of persistors 
from soil, but in our study they were present (mainly low cp valued) but very 
few in numbers at sites with most contamination, explanation for which may 
require further studies. Trophic diversity index was significant with distance in 
present study. It was found to be highest at lOm mainly due to abundance of 
herbivores. It can be stated that all trophic groups except herbivores show 
decline in abundance at 10m, the site with highest metal pollution index. Similar 
results were found by Korthals et al. (1998) who found that intermediate 
pollutant concentrations may be beneficial to herbivores or plant associated 
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organisms, which may be due to an increase of N-availability, a higher leakage 
of root exudates or a breakdown of the plant's defense strategy may occur 
(White. 1984). This may play a role in the relation between some plant parasites 
and the different heavy metal concentrations. 
The low values of Shannon's diversity index reflect low diversity of 
nematodes at all the four contaminated sites. Smit el al. (2002) reported low 
values of H' from Zn contaminated soils which are in agreement with present 
study. 
The MI has been used successfully as indicators for heavy metal 
pollution (Georgieva et al., 2002; Tomar et al., 2009; Dechang et al., 2009). The 
MI values in present study ranged from 1.67-1.92, indicating a disturbed 
environment. These results are in full agreement for heavy metal contaminated 
soils. Weiss and Larink (1991) reported values of MI in heavy metal treated soils 
as 1.44. Korthals et al. (1998) reported significant decrease in MI values at 220 
and 400 mg/kg Zn concentrations. In our results MI values were affected by 
concentrations of all the three heavy metals. MI showed a positive correlation 
with total Zn in present study. According to Sanchez-Moreno and Navas (2007), 
Pb showed significant negative correlations with taxon richness and Margelef s 
index. SI, total abundance and MI. These results partially agree with present 
results where total abundance and SI correlated positively with total Pb. No 
siginificant correlations with total organic carbon were observed with any of the 
parameters at different sites. 
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Disturbances of soil usually results in an increase in microbial biomass. 
Such increases due to anthropogenic disturbances are well documented and are 
ascribed to incorporation of organic residues into soil, disruption of soil 
aggregates, and exposure of organic matter to microbial colonization. 'These 
events are often associated with an increase in soil respiration and a net loss of 
carbon from the soil (Hendrix et al., 1986; Fu et al., 2000). Addition of readily 
decomposed organic materials, particularly those of high N content (low C/N), 
also fuel microbial biomass growth and a resultant increase in enrichment — 
oppurtunists nematodes (Ferris et al., 1996). Enrichment index in a good 
indicator of enrichment in contaminated soils (Ferris et al., 2001). There are 
fewer reports of effect of heavy metal contamination on enrichment index (EI). 
In the present study almost no correlation was found between El and heavy 
metals. It is an agreement with Park et al. (2011), who observed no significant 
differences in El in heavy metal treated plots. The values of El were highest at 
I Om indicating high enrichment at that site. The degree of fungal participation in 
the primary decomposition channels of soil food webs is suggested by Channel 
index. If Cl at one site is higher than another we infer that proportion of fungal 
decomposition occurring at that site is higher. Although no correlation was 
observed with heavy metals. Channel index significantly (p<0.01) correlated to 
enrichment index which may be attributed to the fact that enrichment is mainly 
dependent on bacteriovores guilds while channel index is indicator of 
decomposition channels and low values in present study correspond to bacterial 
decomposition channels. Similar effects of heavy metals pollution on fungivores 
and hacteriovores nematodes have been recorded by Nagy et al. (2004) and it 
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may be due to increase of fungal populations and the reduction of bacteria in 
heavy metal polluted soils (de Goede eral.. 1993). Moreover, a large number of 
bacterial feeding nematodes can reduce bacterial biomass, causing a relative 
increase in the fungal biomass (Wardle & Yeates, 1993). 
A graphic representation of the basal structure and enrichment condition 
of the soil food web, the faunal profile is based on the relative weighted 
abundance of nematode guilds. The faunal profile is constructed to indicate 
whether the soil community is basal (and inferred stressed), enriched, or 
structures and stable. The weighting systems allows separation of the condition 
of food webs at different sites or at different times, based on shifts in presence 
and abundance of nematode taxa with greater resolution (Ferris et al., 2001). 
Weighted faunal analysis revealed important differences between the sites. The 
samples from l0m and 20m were mainly centerd in quadrat A, in agreement 
with results of Sanchez-Moreno and Navas, (2007) who found the samples from 
polluted area in quadrat A, indicating a maturing food web in an enriched 
ecosystem. Overall the faunal profile represented a D-A-B type of quadrat which 
is in perfect agreement with Ferris et al. (2001) for a conventional polluted agro-
ecosystem representing a degraded disturbed type of ecosystem with bacteria 
based decomposition pathways. 
The use of metal pollution index in nematological assessment of soils can 
be useful parameter, but some more studies are required to establish its 
effectiveness. Future studies in controlled environment in experimental plots 
would he able to give more insight into the use of metal pollution index and its 
suitability as indicator and effects on nematode community composition. 
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Although heavy metal content of soil cause major ecological changes, 
soil functioning as inferred from nematode community show some recovery at 
farther distances from source. While high species diversity may seem necessary 
to maintain soil system resilience (L3engtsson, 2002) as a future source of new 
species to perform ecosystem (Wolters, 2001), the relationship between soil 
diversity and ecosystem function is not clear. Species richness and diversity 
indices are difficult to relate with ecosystem process and diversity by itself does 
not play a role in ecosystem functioning (13engtsson, 1998). Nematode 
abundance, taxa richness and diversity indices in the studied agro-ecosystem 
were significantly different at different sampling sites and highly correlated with 
metal content. Functional diversity analysis suggests that, despite the effects of 
heavy metal residues on the nematode community altering species richness and 
diversity values, soil functions as assessed by EI and Cl were not much effected 
by heavy metals. The recovery of the soil food web indices, in spite of the effects 
of metal pollution on richness and diversity, may imply a certain degree of 
functional redundancy among the nematode community, which could allow the 
performance of the ecological functions in the heavy metal contaminated area 
with low number of nematode taxa present in the soil. 
Conclusions 
It can be concluded that Shannon's diversity can only be used for 
studying diversity but not for major pollution studies. Ml may give slight insight 
into the contamination levels but more resolute indices like food web indices 
give clear idea of the heavy metal pollution in the ecosystems. Trophic group 
analysis is also good parameter for study of pollution, although the effects of 
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heavy metals on certain genera need to be thoroughly studied. Food web indices 
especially structure index, provides useful tool to assess heavy metal functional 
perturbations on the nematode community. It can be assumed that indices like 
St, El and faunal profile are very good indicators of heavy metal pollution. 
Finally based on present study it could be suggested that the use of city waste 
waters for irrigation purposes should be avoided as far as possible and if it is 
used it should be either pre-treated although economically it may not be feasible 
in developing countries or the farmers may be advised to grow vegetables 
beyond 15-20m from the source of pollution as it is evident from present work 
that highest accumulation of heavy metals occur at I Om. 
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Introduction 
Ecological succession is a gradual process of change in the composition and 
function of communities, which consists of non-seasonal, directional and relatively 
continous patterns of species colonization and extinction (Begon et al., 1990; Miller. 
1994). Concepts of ecological succession were developed from studies of higher 
plants (Clements, 1916). Begon et a/. (1990) defined succession as the non-seasonal. 
directional and continuous pattern of colonization and extinction on a site by species 
population. Ecosystems formed by natural primary succession can be damaged by 
large infrequent disturbances and during ecosystem recovery the successional 
mosaic often spans a gradient between primary and secondary succession due to 
spatial variance in disturbance and hence abundance of residuals (Turner et al., 
1998). Such changes are evident in the youngest successional stages. Small animals 
such as rotifers. tardigrades etc. can clearly document the colonization stages 
Nematodes are an important group of very small organisms which show colonization 
and succession. 
Soil nematodes are widespread group of animals which can be found in 
every terrestrial ecosystem. Due to their small body and adaptation to survive 
adverse environmental conditions, they can be easily transported over long distances 
by wind, water on or in plant and animals or by other means. In collections made 
from wind and water, various species representing different ecological groups can he 
found and they reach new areas irrespective of their passive mode of their spreading. 
However, their further development depends on their ability to find food resources 
and suitable habitats in the new location. Their activity contributes to modification 
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of their environment and the formation of new species. This successive colonization 
and extinction of nematode species from ecosystem gives not only information on 
their biology but also about relationship with other organism and changes in soil 
properties. therefore, it receives attention of nematode ecologists. 
l'he rate and character of nematode succession can he viewed as a 
consequence of successional dynamics of higher plants that affect bacterial and 
fungal populations (Thortan & Matlack, 2002). Although primary and secondary 
succession are long term process which may take decades to centuries to be 
observed, some aspects of nematode succession and colonization in decaying 
organic matter can be monitored in a scale of months and years (Ferris & Matute. 
2003; Georgieva el al., 2005). Primary succession of soil nematodes can be found on 
newly formed volcanic islands (Frederiksen el al., 2001) and in sterile industrial 
wastes (Hanel, 2004), where, only few species, mostly bacteriovores and fungivores 
can occur for decades. After the establishment of a more diverse flora and soil 
profile development, nematode assemblages diversify with the arrival of plant 
feeders, omnivores and predators. The responses of nematode faunas vary with 
climax identity and the kind and intensity of disturbance such as windstorms 
(Cerevkova & Renco, 2009), tree clear-cutting, sod-cutting, pest outbreaks 
(Sohlenius, 2002; Hanel, 2004), drainage (Wasilewska, 2006) or fire (Mcsorley, 
1993). These studies suggest that nematode diversity can be reduced in disturbed 
environment. The initial recovery phases are often marked by high abundance of 
bacteriovores or herbivores that by feeding on their hosts make cycling faster 
(Yeates. 1999). Similar development of nematode faunas have been observed in post 
mining landscapes (hand. 2001). However, some sites can he colonized by 
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abundant population of omnivores during the first decade of succession (Hanel, 
2007; Rossouw et al., 2008)- Omnivore nematodes are often the dominant group in 
the early stages of primary or secondary succession in sand dunes also (Wall et al., 
2002; Zhang et al., 2007). 
Although nematodes are only a part of diverse taxonomic groups in soil 
ecosystems, their recovery in fumigated and marured soil show typical example of 
maturity increase and species diversification (Ettema & Borgers, 1993). According 
to Sohlenius (1973) and Schiemer etal. (1980) food is likely to be one of the most 
important factors that determine the occurrence and population dynamics of the 
nematode species in an ecosystem. 
The ageing of forest is the most important complex factor determining the 
direction of development of nematode communities. This complex factor includes 
development of herbaceous undergrowth, litter accumulation and increase in humus 
contents together with differentiation of the soil profile (de Goede et al., 1993). 
Vegetation and decomposition processes modify pH values and the availability of 
nutrients. 
The increase in food web complexity and symbiotic relationships in more 
mature successional stages is also mirrored by changes in nematode communities 
(increase in abundance of omnivores + predators, increase in abundance of fungal 
feeders, greater number of species and genera). On the other hand the nematodes 
classified as r-strategists (colonizers) also have important position in nematode 
communities and are found in older successional stages (values of MI and EMI are 
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relatively low). An increase in body size of organisms in older successional stages is 
assumed to occur frequently. 
Peculiarities of nematode development in the coal mining areas, such as 
relativel\ low abundance, increase in individual body size, and predominance of 
acid tolerant species in the initial stages could be related to the acidic climate, low 
pH. absence of recent but presence of fossil carbon, mining and amelioteration 
practices. In accordance to general definition of succession, the populations of 
nematodes (as well as those of Enchytraeidae, Rotifera and Tardigrada etc.) and 
their diversity increases and there is also extinction of some groups of species in 
older successional stages. On the other hand, nematodes adopting r-strategy 
(colonisers) occur in older successional stages side by side with k-strategists 
(persistors) (panel, 2001). Etttema and Bongers (1993) and van der Meulen (1996) 
reported faunal recolonisation of areas treated by soil fumigation or thermal cleaning 
is chaotic, and, recovery often takes long time. The first nematodes that appear are 
those which can withstand dehydration or which developed other mechanisms to 
reach the habitat, although there is no strict relation between ability to reach the 
habitat and reproduction rate under optimal conditions with the exception of 
enrichment opportunists. Enrichment opportunists (Bal ) are transported by insects 
but fail to establish under food-poor conditions. As soon as the superficial soil is 
covered by unicellular algae, dorylaimids (cp-4 and cp-5) are able to develop. 
Sohlenius (2002) concluded that the development of nematode populations in sieved 
pine forests humus under laboratory conditions was unpredictable. 
Recovery from a moderate disturbance, such as tillage or fertilization, which 
does not eliminate soil fauna. results in an increase of the dominance of 
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opportunistic bacterial feeders. Whether I3a1 or Ba2 becomes dominant depends on 
the nutrient status and microbial activity of the disturbed habitat. Colonization and 
population development of nematodes on buried barley straw was monitored by 
Sohlenius and Bostrom (1984). The material was initially colonized by Bai and Bat, 
subsequently l~U2 appeared and Ba i disappeared. Disturbance caused by adding 
manure led to a comparable increase in Bai; this treatment may secondarily also 
have affected persistors by production of metabolites such as ammonia. During 
succession correlated with decreasing microbial activity. Bal disappears. The 
general opportunists (Ba2) by contrast do not disappear, they are not replaced but 
replenished by higher cp groups (Enema & Bongers, 1993). de Goede el al. (1993) 
studied the succession from drift sand to a 150 year old pine forest. In each of the 
major successional stages the structure of the nematode community was different. 
Replacement was more pronounced than replenishment. Nematodes like algal 
feeding dorylaimids present in the first  phase (drift sand) disappeared because of 
changing conditions during plant succession. In such a successional series the MI 
does not provide information. Changes in other biotic and abiotic conditions 
(nutrients, pH, humidity, vegetation and formation of litter layer) influence MI much 
more than age of the forest. Armendariz et al. (1996) started from the opposite 
standpoint, they assumed that a 20 year old Pinus nigra plantation had a lower MI 
than a 50 year old forest but found no correlation between time since reforestation 
and MI, but after using alternative cp values they found significant correlations 
between MI and age of the forests. 
Dispersal of nematodes by wind, water and biotic vectors to new habitats is a 
continuous Process: also under climax conditions nematode are constantly supplied, 
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but the lack of suitable niches generally prevents population establishment. Under 
natural conditions, the nematode community develops to a climax, occupied by 
species with a narrow niche breadth.'l'hese niches can temporarily change in width 
or disappear as a result of stress factors such as dehydration, changing CO2 / 02 ratio 
and temperature changes. This might result in higher competition and extinction of 
species in the micro-environment where they previously coexisted. Therefore, under 
mildly fluctuating non-stressed conditions the highest diversity is maintained. In this 
respect high diversity can be seen as a result of relatively stable conditions. The 
ultimate number of species in a habitat is a consequence of the number of 
disturbances to which the habitat has been subjected in the past and the number of 
species that are able to live there. With the exception of resting spores of bacteria, it 
is expected that biodiversity of different taxa of soil biota are correlated, that is a 
high diversity of mites, collembolan or protozoa under stable conditions is correlated 
with high nematode diversity because they are each determined by the stability of 
the system. The Scandinavian pine forests showed a higher soil nematode diversity 
than some heavy metal polluted sites with diverse vegetation (Hanel, 2004). 
The Maturity index is based on the allocation of nematodes taxa (excluding 
plant-parasitic genera) into five groups representing different life strategies and 
ecological requirements. Basically, nematodes that increase rapidly in number under 
favorable conditions (high r) have been scaled into cp group I (colonizers), taxa 
with opposite characteristics (low r) are scaled in cp group 5 (persisters), and 
nematodes with intermediate characteristics, in between. The maturity index is the 
median of frequency distribution of these cp groups in a given sample. Bongers 
(1990) hypothesized that the nematode successional pattern following disturbance 
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would show a sequence starting with the development of the taxa considered as 
colonizers (cp-I), followed by subsequent increases in groups cp 2, 3, 4 and 5, thus 
resulting in the increasing Maturity Index. However, until now, only a few 
colonization and succession studies with detailed species lists and time series have 
been published to test this hypothesis. 
The ecological colonization and succession of nematodes is very well 
documented in coal mines (Hanel, 2001). The open cast coal mines provide an ideal 
platform for studying nematode colonization, as mining period and the land 
reclamation spans around 50 years which is good time for communities to develop 
and flourish in an ecosystem. The economies of China, India and other nations in 
Asia are now largely coal driven (Elliot e[ al., 1999), as a result of which coal mines 
are increasing day by day and most emphasis is given on open cast mines so as to 
achieve bulk production and increased productivity. In India, open cast mining today 
constitutes nearly 70% of the total coal production. Opencast coal mining using 
large-scale mechanization results in the release of huge quantity of dusts and gases, 
which are changing the environment and adversely affecting human health (Dhar, 
1994). The dust emitted from these coal mines settle in vicinity of mines and cause 
significant changes in structure of food web. 
The present experiment was designed with an aim to study succession and 
colonization at three sites differing in age structure in open cast coal mines of 
Sonebhadra area of northern India. Three different sites (Bina, Krishnshila and 
Jhingurda) were selected for the study according to the age of the site. Bina was 
considered as most recent as the sampling was done from the areas where the mining 
activities were currently going on. Its age was assumed to he 0 years, while for 
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Krishnshila the samples were collected from the forest area site, where there are 
underground coal deposits but mining has not yet started. The forest area from 
where sampling was done was very old and its age was assumed to be 60 years. 
Samples were also taken from Jhingurda which was a functional mine about 40 
years back and now mining activities have been stopped and the sampling site was 
reclaimed and planted with different type of vegetation. It is hypothesiszed for the 
present study that the nematode population would be most diverse in Krishnshila 
having high diversity of nematodes and subsequently indices corresponding to the 
nematode abundance would also infer the same, while Bina site should show reverse 
phenomenon. Thus, the objectives of the present study were 
• 'lo study taxonomic richness and abundance at the sites studied. 
0 To study maturity of the selected sites in terms of nematode diversity and 
maturity index. 
• To study succession and colonization by different genera of nematodes. 
• To evaluate whether the maturity of the stands is well defined by maturity 
index. 
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Materials and Methods 
Stud, area and soil sampling 
lhrec different sites according to age were selected for collection of samples. 
These sites were located in Sonebhadra and Sidhi (Singrauli) districts of Uttar 
Pradesh and Madhya Pradesh respectively. The southern region of Sonbhadra 
District is referred as the `'Energy Capital of India ". This is one of the most polluted 
sites in Asia (Agrawal et al., 2010). It encompasses 11 open cast coal mines and five 
coal based Thermal power stations having capacity to generate about 9000MW 
(about 10% of India's total installed generation capacity) of electricity. Thermal 
power plants represent the main source of pollution in Singrauli-Sonebhadra region. 
The three sites were selected according to the mining activities. 
KRISHNSHILA:- This site lie in Mohar basin of Son river at latitude 
24' 12'21.17" N, longitude 82'54'21.82" E altitudes and 1070 feet above sea level. 
Sampling was done from the forests where the proposed mining activity would start 
in next few years. The age of this stand was more than 60 years as the site selected 
for sampling was forest area where mining activities have not yet started. This site 
is referred as site I in experiment. 
JHINGURUA:- This site is located at latitude 24'15'03.28"N, longitude 
83'01'26.93" E altitudes and lies about 932 feet above sea level. "I'his is a defunct 
coal mine which was functional 40 years back and now the land is reclaimed and the 
area is covered with many big and small trees. Sampling was done from near a small 
lake formed after mining and the climax vegetation had set up. This site is referred 
as site 11 in experiment. 
BINA:- Bina open cast coal mines lies in the Marrack block on the south and 
Kakari (('P in the north situated between latitudes 24'08' 12" and 24'09'52" and 
longitudes 82'44'25" and 82'45'41". It is located on a hilly terrain forming a plateau 
on the west and southwest, whereas towards the east and northeast the area is gently 
undulating. "1'he elevation in the mining area varies from 902 to 1312 feet above sea 
level. This project is fully operational and sampling was done from the place where 
mining activities have been going on for last three years. The age for this stand was 
assumed to 0 years as samples were collected from the place where mining activities 
were currently going on. This site is called site III in experiment. 
Soil Sampling 
Soil samples were collected from the three sites at the depth of 0-20cm. 
Five replicates were collected by using steel corer of 5cm diameter, each 
replicate consisting of five soil cores. Soil samples were then stored in plastic 
bags and transported to lab for chemical and nematode analysis. 
Nematode Identification 
As discussed in earlier chapter. 
Data Analysis 
As discussed in earlier chapter. 
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Results 
It is well documented that soil nematode assemblages are abundant, diverse 
and contribute to soil nutrient turnover and are being increasingly used as indicators 
of soil conditions. 
Soil Analysis 
Soil samples were analyzed for total organic carbon, total lead, total zinc and 
total copper. All the analysis of samples was done at Metal Analysis laboratory, 
CSIR-Indian Institute of Toxicity Research at Lucknow. Total organic carbon (TOC) 
was highest at site III, followed by site II and site 1. Total lead (TPb) was highest at 
site II followed by site III and I. The value of total zinc (T7_n) was highest at site III 
and lowest at site II. Total copper ([ Cu) was highest at site III and lowest at site II 
(Table 1, Fig.1). 
Table 1. Different Parameters at three sites of study. 
Parameters Krishnshila .Thin urda Bina 
TNEM 464.2± 143.1 330.2±64.8 
2.13±0.19 
73.0121.2 
1.32±0.26 H' 2.42±0.23 
MI 2.02±0.21 2.06±0.23 1.72±0.20 
PPI 2.69±0.34 2.71±0.34 2.70±0.48 
TDI 2.55±0.50 2.71±0.25 1.37±0.33 
SI 39.70±11.60 17.26±11.81 2.12±4.53 
EI 67.78±11.95 49,69±20.76 55.65±26.13 
CI 13.33±6.49 60.32±42.04 24.22±40.56 
TOC 12.20±8.04 33.28±7.95 42.73±4.12 
TPb 14.97±1.39 39.98±3.47 35.63±1.56 
TZn 43.46+9.01 20.81±1.99 72.59±4.73 
TCu 15.09±1.73 13.34±1.72 306±l.36 
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Fig. I Concentration of heavy metals at different sampling sites 
Nematode Communities 
Thirty-four nematode genera representing seven orders and eighteen families 
were recorded from Krishnashila (site I), twenty-five genera under seven orders and 
fourteen families from Jhingurdah (site 11) and sixteen genera belonging to seven 
orders and eleven families were recorded from Rina (site 111). Total number of 
I 
nematodes was highest at site I followed by sites II and III. 'l'he genus Acrobeles 
was the most abundant nematode genus at site I followed by Ilelicotylenchus and 
Aphelenchus. while Discolaimoides and Thornenema were least abundant. 
Helicotvlenchus was most abundant at site I1 followed by Aphelenchus and 
Hoplolaimus whereas Cuticularia, Discolaimus, Monhystera and Prismatolaimus 
were least abundant at this site. ('ephalobus was most abundant at site III followed 
by Panagrolaimus and Rhabditis whereas Eudorylaimus, Filenchus and Ironus were 
least abundant at this site. Overall, at all the three sites Aphelenchus was found to be 
most abundant followed by Helicotylenchus and Cephalobus while least abundant 
genera overall were Aporcelaimellus, Discolaimoides, Laimydorus and Thornenema 
(Table-2). 
Maturity Index 
The highest value of MI was reported from Jhingurda (site II) where the coal 
mining activities have been stopped for last 40 years and the area has been reclaimed 
by plantation of different types of small and big plants, while at Krishnshila (site I), 
where the mining activities are yet to be started, the value of MI was only slightly 
lower than that of site 1I. The lowest value of MI was recorded at Bina, site III 
which is a fully operational coal mine (Table 1). 
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Table 2. Abundance of genera present at three sites. 
Nematode Genera 
Acrobeles 
Functional Guild Krishnshila 
F—Jhli.2-,-1.9
ngurda Bina 
 Ba, 12.5±2.3  2.1±4.0 
Acrobeloides !3a2 1.3±2.4 1.2±1.9 2.1±4.0 
A hele choides P'u 2 3.5±4.9 4.1±4.3 0.3±0.9 
A helenchus 1u2 10.3±5.1 13.4±5.3 3.2±4.3 
A orcel!ainnellus Ca5 0.2±0.4 - - 
Basiria  HZ 0.9±1.2 - - 
Ce halobus Ba,  9.7+7.0 8.0±5.4 7.3±6.9 
Chilo iacus Ba, 2.3±2.8 0.2±0.6 - 
Chronoaster Bat 1.5±2.2 1.6±2.2 0.3±0.9 
Cuticularia Ba, 0.2±0.6 0.3±0.9 - 
Discolaimoides Ca, 0.1±0.3 - - 
Discolaimus Ca5 0.8±1.1 0.3±0.4 - 
Dorylaimellus Fu5 2.3±2.9 2.7±3.0 - 
Dortlaimoides 
Euce halo_bus 
I us 1.2±1.3 - - 
Ba ,  5.3±4.5 5.6±5.3 1.6±2.9 
Eudorylaitnus 01714 1.1±1.2 0.5±0.8 0.1±0.3 
Filenchus Fu, - 2.7±2.4 0.1±0.3 
Helico 'lenchus H3 10.4±7.3 14.5±10.4 0.3±0.9 
Hemicriconemoides H3 1.0±1.3 - - 
Ho lolaimus 113 - 11.2±11.8 2.3±2.9 
Iotonchus Ca4 0.7±0.9 - - 
Ironus Ca4 1.0±1.2 0.5±0.7 0.1±0.3 
Laimldorus Ca5 0.2±0.4 - - 
Lon idorus lls - 1.0±1.2 - 
Mesodorylaimus 0m4 0.4±0.9 0.6±0.9 - 
Mesorhabditis Ba, 3.7±4.7 2.9±6.2 2.3±6.3 
Monhystera Ba, 0.4±0.8 0.3±0.9 0.2±0.6 
Mosha'ia Omo 1.0±1.0 - - 
M •lonchulus Ca4 0.8+1.0 - - 
Pana rellus Baj 2.3±4.8 0.9±1.5 0.2±0.6 
Panagrolaimus Baf 1.2±3.8 1.8±2.9 5.2±9.4 
Plectus Bat - 1.0±1.4 - 
Pro!vlenchus 113 3.1±4.7 - - 
Prismatolaimus Ba, 1.3±2.8 0.3±0.9 0.7±2.2 
Rhabditis Bai 13.9±5.5 3.4±7.4 5.1±7.5 
Thornenema Oma 0.1±0.3 - - 
Troph urtis __ 
T pia 
 113 0.6±1.3 - - 
('a3 1.8±1.3 0.8±1.1 - 
T ylench us H? 3.9±4.9 10.8±7.4 
- 
0.8±1.4 
- Wilsonema Ba, 2.0±2.3 
Zeldia Ba, 1.6±2.4 - - 
Trophic Abundance 
Bacteriovores constituted 35°%. fungivores 12%, herbivores 17°.'0, omnivores-
predators 12% and carnivores 24% of the nematode genera reported from site I. 
whereas at site II bacteriovores were 48%. fungivores and herbivores 16% each, 
omnivores-predators 8% and carnivores 12% of the recorded genera from this site. 
At site III bacteriovores were 62%. fungivores and herbivores 12% each, omnivores-
predators and carnivores were 6% each. Highest abundance of bacteriovores was 
reported from site III while lowest was at site I and reverse of it was observed for 
carnivores, which were most abundant at site I and least at site III. (Table 2) 
Diversity and Food web indices 
Shannon's diversity index was highest at site I and lowest at site III. This 
indicated that site I was more diverse in nematode communities as compared to site 
II and 111. "Ihe values for PPI were almost same at all the three sites of study, 
although the population of herbivores was lower at site III. It may be due to the fact 
that although herbivores were not diverse at site III but the population of 
Hoplolaimus contributed significantly to plant parasitic channels. Trophic diversity 
index (TDI) was highest at site I1 and lowest at site III, more diverse trophic groups 
at reclaimed site and least diverse at operational mine site. 
Highest value of SI was reported from site I while lowest values were 
obtained from site III and intermediate values were recorded from site II. This 
indicates that site I was more structured as compared to other sites in terms of 
nematode assemblages. EI index was comparatively higher at site III as compared to 
site 1I. CI values were highest at site I1 and lowest at site 1. The faunal profile graph 
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Fig. 2 Variations in significant parameters at various sites of study 
between structure trajectory and enrichment trajectory were plotted for different 
sites. The faunal profile for site I was a A-B type of quadrat indicating a relatively 
maturing food web with nitrogen enrichment and moderate bacterial channels, while 
for site 11 it was D-A type of quadrat indicating structured food web with moderate 
fungal decomposition channels. For site III it was A-D type of quadrat indicating 
highly degraded food web, with bacterial decomposition channels. 
62 
,~ 	 as 
• 5 	~ 
■ 
o 	 so 	 to 	o 	 w 	 IN 
IN 
■ 
d  F 
i 
i ' 
F 0 5 
Y 
U 
0 	50 	IN 
Yncteir,en 
Fig. 3 Faunal profile for three areas A- Krishnshila (site 1), R-Jhingurda (site 11), 
C-Rine (site Ill) 
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Heavy metal Correlations 
Most indices showed revealed very negative correlations with abiotic 
components. H' showed negative correlations with TOC, TPb, TZn and TCu (all at 
the level of p<0.001). MI had strong negative correlations with TZn and TCu. Plant 
parasitic index had no significant correlations with any of the physical parameters 
studied. 11)I revealed strong negative correlations with TOC, TZn and TCu 
(p<0.001). SI correlated negatively with TOC, TPb and TCu (p<0.001) and TZn 
(p<0.005). El did not show any significant correlation with any parameter studied, 
while CI showed some positive correlation with TPb (p<0.005). Thus, most of the 
indices correlated negatively with the physical parameters studied (Table 3, Fig. 4) 
Table 3. Correlations between different parameters 
H' MI PPI TDI SI El CI TOC TPb TZn TCu 
H' I 
MI .546" 1 
PPI .179 -.167 1 
TDI .824" .598" .007 1 
Si .753" .551" .499 .567" 1 
El .244 -.522" .503" .012 .247 1 
CI -.109 .523" -.456' .244 -.144 -.863" l 
TOC -.689" -.360 -.062 -.485" -.699" -.167 .116 1 
TPb -.504" -.150 .013 -.200 -.747" -.350 .420'  .743" 1 
TZn -.647" -.489" -.035 -.733" -.401' .071 -.354 .306 -.083 1 
TCu -.847" -.583" -.039 -.834" -.669" -.055 -.183 .608" .296 .897" 1 
* Correlation is significant at the 0.05 level (2 tailed) 
** Correlation is significant at the 0.01 level (2 tailed) 
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Figs. 4a, 4b. Correlations between different parameters in coal mines. 
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Discussion 
Several authors have proposed the use of nematode assemblages as powerful 
tool to study ecosystem process and quality (Bongers & Ferris, 1999; Ferris et al., 
2001; Ferris & Bongers. 2009; Yeates et al.. 2009). The calculation of nematode 
based indices is based on the allocation to functional groups and provides basic 
insights into the successional changes within a given ecosystem. The successional 
studies in coal mining stands are important example of an ecosystem in transition 
that can be evaluated by the succession of nematodes. According to Margelef 
(1963), a more mature ecosystem can be equated with a more complex ecosystem; 
maturity is a quantity which increases with time in any disturbed ecosystem in a 
progressive and directional way. In case of changing environment, the selected 
ecosystem will be composed of species with high reproductive rates and less 
specialized requirements. 
Although, the nematodes constitute only a part of ecosystem studied, the 
recovery of nematode fauna in the present work showed typical example of maturity 
increase and species diversification. It can be noted that, least abundant genera are 
dorylaims and the mononchids are completely absent from site III where the mining 
activities were currently going on, and the area is presumed to be most disturbed. 
Most of the nematodes found at this site were small bodied colonizers with cp values 
of I and 2. At site II, where the mining activities were done earlier mononchid and 
large dorylaimoid nematodes with higher cp values were still absent. Except for 
Discolaimus, no predatory nematode of higher cp value was found at site II, 
however, Trypla was reported at this site which is a low cp valued predator, 
indicating maturing stage of food web. "I'his site dificrs from site I in the presence of 
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herbivores in large numbers. Herbivores are generally ep value 2-3 group 
nematodes. which occur when plant tissue is available for them to feed upon. As 
mining ad ivity stopped at this site about 40 years back and the area is reclaimed, 
many plants have colonized this area and the plant community has almost reached its 
climax as is indicated by successful survival of many angiosperms. But the 
colonization of nematodes is different from plants as many functional groups are 
present within nematode communities and there succession depends on many factors 
other than the age of stands. The ageing of forest is the most important complex 
factor determining the direction of development of nematode communities. This 
complex factor includes development of herbaceous undergrowth, litter 
accumulation and increase in humus contents, together with the differentiation of 
soil profile (Wasilewska, 1971; de Goede et al, 1993). 
Coal mining stands are primarily without humus organic matter (although 
they are contaminated with fossil organic carbon), which subsequently appears as a 
result of accumulation of plant debris on the surface of sandy dumps or can be added 
during amelioration measures. Accumulation of plant litter may support 
zymogenous (fast growing) microflora which in present study is indicated by 
development of abundant populations of Acrobeles and Aphelenchus, which agrees 
fully with Hanel (2001) who reported the abundant populations of Acrobeloides and 
Aphelenchoides. In our study Rhabdilis was also found to be abundant which is in 
contradiction with Bongers and Bongers (1998) who observed low abundance of 
Rhabditis, as this genus requires higher density of bacteria for development than 
other bacteriovores. This may be explained, as in our results the populations of 
Rhabditis was more at site I which was an established forest and no mining activities 
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were carried out in that areas. Large amount of litter and debris were available for 
organic growth resulting in high populations of bacteria and consequently Rhabditis. 
Carnivore nematodes which are able bodied persisters having cp values 4 and 
5 are generally present in least disturbed areas having stable population structure and 
succession is in climax stage (Bongers, 1999). It can thus be presumed that the 
nematode communities at site III are most stressed while at site II are intermediate 
and at site I is least stressed as is evident from presence of mononchid and other 
higher cp valued nematodes. The same trend is also indicated by MI. 
Primary succession of nematodes on raw industrial substrates can be slower 
(Dmowska, 2001) than on raw natural substrates. It has also been recorded that the 
composition of mine wastes can either hamper or promote soil biological succession, 
and that this can be markedly modified by plant cover (Frouz et al.,2001; Hanel, 
2002). Mineral and industrial wastes are largely unknown materials, with 
mechanical and chemical properties that exceed tolerance and capacity of many 
nematodes to survive (Dmowska, 2001). Gases released from waste material and 
leachate contamination can affect the soil cover of the dumps (Urzelai et a/., 2000). 
Pearson and Rosenberg (1978) proposed a distinction between general opportunists, 
or colonizers of any denuded area irrespective of the richness of the substratum, and 
enrichment opportunists or colonizers in organically rich areas. These terms may be 
applied to the nematodes in evaluating nematode colonization and succession. 
Rhabditina (cp- l) can be equated to enrichment opportunists. In food-rich conditions 
they increase rapidly and cause a peak of opportunists. As enriched conditions are 
generally ephemeral, the formation of dauer larvae to bridge unfavourable periods is 
a possible strategy fir enrichment opportunists. Many of these colonizers (cp-1) 
belong to families showing a phoretic relationship with insects (Rehfeld & Sudhaus, 
1989). In undisturbed conditions, the number of enrichment opportunists is low. Cp2 
however can be regarded as general opportunists, being less dependent on high food 
concentrations for their population development. In a successional sequence these 
nematodes are rarely replaced by higher cp groups and remain dominant, which is in 
full agreement with our study. According to Sohlenius (1973) and Schiemer et al. 
(1980), food is likely to be one of the most important factors that determine the 
occurrence and population dynamics of nematode species in the field. Different 
responses by different nematode taxa to this factor can explain successional patterns 
(Scheimer, 1983). 
It is evident from the present results that maturity of site I was more as 
compared to site II. although the values of MI are not much different. While site III 
was least mature as it was disturbed because of mining activities being performed in 
the area. These results agree with earlier studies of hand (2001) in coal mining 
stands with pine plantations where the values of MI for more aged stand was higher 
as compared to stands with lesser age. According to Bongers (1999). a rapidly 
changing environment with an abundance of food is typically inhabited by 
opportunistic nematodes, starting with enrichment opportunists (cp-1), which are 
gradually replaced by general opportunists (cp-2). This trophic situation results in 
relatively low Ml values at the beginning of the process and, by contrast, 
significantly higher MI values at the end of the process, which is in full agreement 
with present findings. 
A detailed analysis of the successional changes of the nematode community 
revealed that succession in coal stands undergoes a meticulous succession of the r- 
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strategists. According to Wharton (1986), habitats subject to environmental extremes 
do not favour K-strategists. This is most likely reason for their absence from site III, 
which is subjected to mining activities. 
In present study general rhabditids were replaced by cephalobid and further 
by other higher cp valued nematodes. The replacement of the enrichment 
opportunists belonging to the Rhabditidae family (cp-1) by general opportunists 
from the family Cephalobidae (cp-2) and the occurrence of fungal feeding 
nematodes has also been observed by Ferris and Matute (2003). Wang et al. (2004) 
and Georgieva et al. (2005) during the decomposition of several plant residues in 
soil. 
The faunal profile which is a graphic representation of nematode fauna in 
terms of functional guilds, indicated that profile for site I had maturing food web 
while for site II it was moderately structured with fungal decomposition channels 
and for site III it was degraded food web with bacterial channels, which is in full 
agreement with earlier studies for different ecosystems (Ferris et al., 2001, 2004; 
Sanchez-Moreno et al., 2006; Ferris & Bongers, 2006) 
In conclusion, this study produced some promising results. The successional 
changes of the nematode community during the process demonstrated opportunities 
to describe and evaluate the condition of the succession of nematodes in coal mining 
stands. Maturity index was found to he a good tool in assessing successional 
changes in nematode fauna. Although further research needs to be performed in 
order to strengthen these findings, the nematode based index, maturity index is a 
suitable tool to assess the maturity of the studied ecosystem. 
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CHAPTER 4 
Nematode cv f fafity res poses to Ocad str¢S 
aeome a sectiog of Natio,ae aid away. 
Introduction 
The contribution of vehicular exhaust to the global emission of atmospheric 
pollutants is increasing at alarming rate. The pollutants that mainly include Pb, Cd 
and Zn have an impact on environment. The exhausts from vehicles contaminate the 
atmosphere, water and soil due to their deposition. Many studies have shown 
contamination by these elements, at the vicinity of highways (hang et al., 1999; 
Turner & Maynard, 2003). The concentration of heavy metals in the roadside soils 
may be influenced by factors like wind (Piron-Frenet et al.. 1994) or traffic intensity 
(Garcia & Millan, 1998) and by soil physiochemical characteristics. Heavy metals in 
this exhaust are usually dispersed in relatively higher concentrations in the vicinity 
of a highway, with a gradual depletion as distance from the source increases (Sezgin 
et al., 2003; Nabulo et al., 2006). Most vehicles burn leaded gasoline, which is well 
established source of Pb contamination to environment. Mielke et al. (1997) 
observed that accumulation of Pb in soil due to leaded gasoline is directly 
proportional to highway traffic flow. Nematodes are important component of soil 
ecosystems and any changes in the soil characteristics may result in change in 
community dynamics of the nematodes, which can be assessed with the help of 
ecological indices. Nematode community structure is widely used as a tool in 
ecological studies, to assess the functioning of soil and biomonitoring. Nematode 
fauna composition along with its indices, has emerged as a useful monitor for 
environmental conditions and soil ecosystem function and also helpful in assessing 
the effects of various soil disturbances (Bongers & Ferris, 1999; Neher, 2001; 
Berkelmans et al., 2003). In recent years, there are many reports of the impact of 
heavy metals on soil ecosystems. Sezgin et al. (2003) studied contamination of 
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highway soils with heavy metals in Turkey and reported heavy concentration of lead 
in the soils near highway. Viard el al. (2004) assessed the bioaccumulation of heavy 
metals (Pb, Cd,Ln) in soil, plants of graminacac and garden snails; and reported that 
lead etiiciently described traffic impact and it was the most adapted tracer of 
highway environment. Nabulo el al. (2006) assessed the contamination of roadside 
soils with heavy metals in Uganda and found that the concentration of heavy metals 
decreased with increasing distance from roads. Wang et al. (2006) compared the 
distribution pattern of lead in rural and urban Shenyang city and found that east 
sides of the road were more contaminated as compared to west sides. Many studies 
have been performed to evaluate nematode responses to heavy metals from sources 
like industrial complex (Shukurov ei al., 2005), metallurgical factory (Li et al., 
2006; Zhang et al., 2007), however, there is little information on soil nematode 
responses to heavy metal pollution from a highway. The objective of this study was 
to investigate the distribution of soil nematodes along a Pb pollution gradient with 
increasing distance from a highway in Northeast China. 
This study was conducted during my stay at The Institute of Applied 
Ecology, Shenyang on a three months fellowship of the Chinese Academy of 
Sciences. 
74 
Material and Methods 
This study was conducted at a maize field that was distributed near a 
highway. Soil samples were collected from the maize field along the section of 
Shen-Ha highway between Shenyang and Tieling, which are all the large cities in 
Liaoning, Northeast China. The section suited in the Puhe town (41°57' N, 123°36' 
E) far from the centre of Shenyang city. The section of highway is characterized by 
a traffic level of 50.000 vehicles and 300,000 passenger flow per day. The study site 
is located in the continental monsoon zone with a dry-cold winter and a warm-wet 
summer. The annual temperature is 7.3 °C, mean annual precipitation is 667 mm. 
The test soil is classified as a llapli-Vdic Argosol in Chinese soil taxonomy (Hua et 
al., 2006), with 12.75 g kg-1 total C, and 1.11 g kg-1 total N, pH (1-120) 6.3, 38.0 % 
sand, 41.4 % silt and 20.6 % clay at the 0 - 20 cm depth. Soil samples at the 0 - 20 
cm depth were taken from the maize field (100 m x 320 m) along a pollution 
gradient with distance at 5, 20, 40, 80. 160 and 320 meters in a downwind direction 
from the east side of highway on October 5, 2007. Five replications were collected 
by coring techniques (5 cm diameter). Each replication was composed of 5 soil 
cores. Soil samples were placed in individual plastic bags and transported to the 
laboratory for chemical and nematode analysis. Before chemical analysis, soil 
samples were air-dried, ground to pass through a 2 mm sieve for determination of 
available Pb. Subsamples were then ground and passed through a 149 µm sieve for 
determination of total Pb. Soil samples were digested with IIF-11NO3-1IC104 (3:1, 
v/v) and determined using AAS (WFX 120A) with detecting limit of 0.01 mg/L for 
total Ph. The concentrations of available Pb in soil samples was determined after 
extraction with 0.1 mol/l, HCL (solid: liquid = 1:5) (Li el al., 2006, (tin c't al., 2009). 
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Nematodes were extracted from 100 g (fresh weight) of soil from each sample using 
modified Baermann's funnel technique (Tomar el al., 2006). The nematode 
abundance was expressed per 100 g dry weight soil (Liang et al., 2007). All 
extracted nematodes in each sample were counted and identified to genus level using 
an inverted compound microscope. The classification of trophic groups was assigned 
to: (1) bacterivores (Ba); (2) fungivores (Fu); (3) root-fungal feeders (RFF); (4) 
herbivores /plant-parasites (H); (5) omnivores (OM) and (6) carnivores/ predators) 
(Ca), based on known feeding habitats or stoma and esophageal morphology (Yeates 
et al., 1993; Hanel, 2004; Reno, 2004, Okada etal., 2005). 
Following ecological indices of nematode communities were calculated: 
(1) Dominance . = Epi2 
(2) Shannon-Weaver diversity H' = -pi lnpi, where pi is the proportion of 
individuals in the ith taxon 
(3) Species richness SR =(S-1)/lnN, where N is the number of nematodes 
(4) Evenness(J') = H'/lnS, S (nematode taxon richness) is the total number of genera 
(Yeates & Bongers, 1999) 
(5) E Maturity Index EMI = Ev(i)-f(i). where v(i) is the c-p value of taxon i, f (i) is 
the frequency of taxon i in a sample 
(6) MI2-5 (excluding c-p l group) (Bongers, 1990; Korthals et al., 1996; Yeates et 
al., 2003; Nagy et al., 2004) 
(7) Nematode channel ratio (NCR), NCR = B/(B+F), where B and F are the 
proportions of the nematode fauna allocated to bacterivorous and fungivorous 
groups (Yeates et al., 2003). 
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flute dorninances were divided according to the proportions of nematode genera: 
"eudominant" is over 10 %, "dominant" 5 — 10 % and "subdominant' 2-5  %. 
All the data were subjected to statistical analysis of variance (ANOVA) in the SPSS 
statistical package. Differences with P < 0.05 were considered significant. 
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Results 
Significant differences in total and available Pb concentrations were found 
among sampling sites (P<0.05). with increase and subsequent decrease in 
concentrations (Fig.l ). The highest values of total and available Pb were found at 20 
m and lowest value at the 320 m from the highway. These results indicated that total 
and available Pb concentrations decreased with increasing distance from the 
highway. Exceptionally, very low amount of total and available lead was present at 5 
m from highway. Based on the Standards for Soil Environmental Quality of China 
(1995), the allowed value (I1 grade) for Ph is 150 mg kg-I when soil pH value was 
less than 6.5. The average concentrations of Pb at the sampling sites from 20, 40 and 
80 cm were above the allowed values of Pb (Fig. 1). 
Thirty seven genera of nematodes from eight orders and twenty-four families were 
identified in our investigation (Table 1). Helicotylenchus was eudominant genus at 
all the sampling sites with highest dominance (46%) at 40 m. Pratylenchus was 
eudominant only at 5 m while Boleodorus was eudominant at 5 m and 320 m. 
Eucephalobus and Trophurus were eudominant at 80 m and 160 m, respectively. 
Cephalobus was present at all sites, with eudominance at the distance of 160 m from 
the highway. Aphelenchoides was dominant at 5 m, 160 m and 320 m, respectively. 
The dominance of Aphenlenchoides and Boleodorus were all higher at 5 m and 320 
m than at other sites. Mesorhabditis, Aphelenchoides, Tylencholaimus, Boleodorus, 
Axonchium (P < 0.05) and Eudorylaimus, Mylonchulus, Heterodera, 
Hirschmaniella, Trophurus (P < 0.01) were significantly different at different 
sampling distances. The number of total nematodes increased at 40 m and 
subsequently decreased to 320 m. The highest abundance of nematodes was at 40 m 
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while lowest at 5 m. Significant differences in the number of total nematodes (P < 
0.05) were found among sampling sites (Table 2). Except fungal feeders, which 
were highest at 320 m, the number of bacterial feeders, root-fungal feeders, 
herbivores and omnivores- predators also showed the same trend as total nematodes. 
Bacterial feeders (P < 0.01) were significantly different with distance. Significant 
differences in the ecological indices including dominance (i), evenness (J'), M12-5 
and nematode channel ratio (NCR) (P < 0.01) were found at sampling sites. The 
lowest values of M12-5. NCR and EMI were found at 5 m from the highway. The 
values of ranged from 0.19 to 0.36. with high and low values at distance of 40 m 
and 160 m from the highway (Table 2). H' was highest at 320 m, while M12-5 and 
NCR followed the same trend as the number of total nematodes. The obtained values 
of NCR ranged from 0.59 to 0.81 with highest value at 20 m and lowest at 5 m. The 
number of total nematodes positively correlated with total and available Pb, while 
bacterial feeders correlated with total Pb (P < 0.05). SR and J' negatively correlated 
with total nitrogen and total Pb (P < 0.05), while EMI negatively correlated to TOC, 
Total N. C/N (P < 0.01) and NCR with pH (P < 0.01) (Table 3). 
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Fig. I Concentrations of total and available Pb (mean ± SD) at different sampling sites along a 
pollution gradient from the Highway 
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Table 1. The proportion (%) of nematode genera and trophic groups at different sampling sites 
from the Highway. 
Genus 	Guild 	5m 	20m 	40m 	80m 	160m 	320m 	P-value 
Acrobeles Bat 0.19  0.19 
0.85 
1.43 0.42 4.82 4.23 NS 
Acrobeloides Bat  0 0.52 3.3 0.18 1.67 NS 
Ce halobus Ba'  8.74 6  5.89 4.9 10.23 
3.29 
3.47 NS 
Chiloplacus Bat 0 0 0.91 1.49 2.22 NS 
Eucephalobus Bat  7.07 6.98 2.26 11.19 6.63 2.03 NS 
Mesorhabditis Ba! 0 4.18 4.11 0.36 0.83 0.91 <0.05 
M 	•stera  
Panagrolaimus 
 Ba j  0 0.19 0 0.69 0.17 1.65 NS 
Bai 0 0 0.32 0.37 0 0.36 NS 
Prismatolaimus Ba3  0.18 3.56 1.35 0.82 1.59 0.72 NS 
Rhabditis Ba, 0 0 0 0 1.25 0 NS 
Teratoce ha/us Ba3 0 0 0 0 0.18 0 NS 
Wilsonema Bat 0.37 0 0 0.18 0 0.36 NS 
Aphelenchoides Fug 8.25 1.87 2.53 4.14 5.91 9.41 <0.05 
Aphelenchus Fug 0.58 0.74 0.52 2.41 1.54 0.72 NS 
Di thero Nora Fu3 0.37 0.34 0 0 0 0 NS 
Do 'laimoides Fu., 0.37 1.54 1.85 0.39 1.4 1.37 NS 
T ylencholaimus Fu., 0 0 0.35 0 0 0 <0.05 
Aglenchus Fug 0 0 0 0.18 0 0 NS 
Boleodorus Fug 18.45 6.02 6.7 2.59 5.58 13.02 <0.05 
Filenchus Fug 8.65 3.24 2.66 6.39 2.56 2.76 NS 
Psilenchus Fug 0.39 0.67 0 0.46 0 0 NS 
Tvlenchus Fug 0 4.31 2.15 0.18 2.15 3.51 NS 
pJdoy1ainus Om., 0 0 0 0.2 0 0 NS 
Eudoylaimus Om4 0.37 0.75 3.79 5.61 1.52 2.19 <0.01 
Thornenema Om,, 0 0.75 0.36 0.22 0.73 0 NS 
Axonchium Oms 0.99 0.54 1.51 0.64 0 3.32 <0.05 
Dorvlaimellus 0m5 0 1.14 0 0.44 0.59 0.92 NS 
Aporcelaimellus Ca5 0 0.33 0.74 0.22 1.76 0 NS 
Discolaimus Ca5 0 0 0 0 0.18 0 NS 
Iotonchus Ca, 0 0 0 0 0.18 0 NS 
Mylonchulus Ca., 0.97 0.37 0 0 0 0 <0.01 
Criconemoides H3 0 0.38 0 0 0 0.18 NS 
Helicotylenchus 113 37.19 44.82 45.9 39.49 36.42 29.29 NS 
Heterodera  Ns 0 6.12 0 0 1.54 3.28 <0.01 
Hirschmaniella 113 0 2.4 1.25 7.82 4.06 0.75 <0.01 
Pra lenchus H3 11.51 6.38 3.24 7.54 0.92 9.79 NS 
Troprus 113 2.49 0 3.16 1.77 11.54 0.18 <0.01 
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Table 2. Abundance (individuals per 100g dry soil) of soil nematodes and ecological indices at 
different sampling sites from the Highway. 
Sm 20m 40m 	80m 160m 320m P 
value 
Abundance 
TNEM 274.0197.0 399±123.7 543.8±123.2 421.0±166.4 307.6±94.3 318.8±45.0 <0.05 
Ba 42.7±35.1 81.7±45.6 81.3±45.0 71.8±15.8 79.1±33.2 52.0±14.3 <0.01 
Fu 26.6±19.8 19.5±15.9 28.3±23.9 24.1±8.4 23.2±17.3 35.7±18.5 NS 
RFF 58.0±14.7 48.3±10.7 92.2}40.0 39.4±9.2 29.0}5.7 52.1±13.3 NS 
IF 139.0±20.2 231.7±29.7 309.6±45.2 258.4±73.4 161.0±30.2 159.2±34.2 NS 
Om+Ca 7,6+3.3 18.0±7.0 32.5±8.5 27.4±10.9 I5.2±5.4 19.9±3.8 NS 
EcologicaI Index 
7~ 0.2310.05 0.25±0.07 0.36+0.20 0.23±0.13 0.19+0.05 0.21±0.14 <0.01 
H' I.72i0.23 1.86±0.27 1.65±0.64 1.95±0.39 2.05±0.26 2.06±0.43 NS 
SR 1.39±0.40 1.97±0.40 1.98±0.65 2.08±0.39 2.22±0.72 2.47±0.54 NS 
F 0.80+0.03 0.73±0.08 0.6310.17 0.75±0.13 0.8010.09 0.75±0.13 <0.01 
MI 4.25±0.50 4.93±0.65 5.24+0.46 4.88±0.24 5.20±0.25 4.69±0.39 NS 
M12-5 2.24±0.07 2.47±0.17 2.74±0.22 2.37±0.11 2.46±0.13 2.33±0.16 NS 
NCR 0.59+0.17 0.81±0.06 0.7510.17 0.75±0.06 0.79±0.14 0.60±0.15 <0.01 
Table 3. Correlation coefficients for soil nematodes and soil chemical properities at different 
sampling sites. 
Indicator pH Total Pb Available Pb TOC Total N ON 
TNEM -0.11 0.48* 0.42* -0.16 -0.03 -0.10 
Ba -0.38 0.41* 0.29 -0.34 -0.26 -0.31 
Fu 0.30 -0.28 -0.28 0.05 -0.09 0.17 
RFF 0.09 -0.06 0.19 0.07 0.01 0.14 
IT -0.18 0.32 0.25 -0.16 -0.14 -0.07 
Om+Ca -0.14 0.15 0.04 -0.19 -0.22 -0.04 
X -0.14 0.33 0.30 0.05 0.07 0.02 
H' -0.09 -0.35 -0.30 -0.24 -0.38 0.02 
SR -0.19 -0.05 -0.24 -0.36 -0.40* -0.13 
F 0.22 -0.46* -0.10 0.06 0.02 0.06 
Ml -0.27 0.37 -0.17 -0.60** -0.52** -0.43* 
M12-5 -0.27 0.27 0.02 -0.07 -0.05 -0.04 
NCR -0.57** 0.20 0.34 -0.24 -0.02 -0.33 
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Discussion 
Aerial deposition of Pb emitted from the heavy and light traffic passing on 
the highway caused an increase in heavy metal concentrations in the investigated 
soils. The highest concentrations were found on east side at site 40 m and the lowest 
at 360 m in our stud\°. These results were in line with those of Wang et ai. (2006) in 
Shenyang, who found that east sides of the highways are more contaminated than 
west sides and Nahulo et al. (2006) in Uganda, who reported that generally highest 
concentrations of Pb were found at 30-40 m from highway. Increase in soil Pb 
concentration at 40 m may be reasoned that impact distance for Ph is 30 m to 40 m 
from a highway (Viard et al., 2004. Nabulo et al., 2006). Presence of low 
concentration of Pb nearest to highway (5m) can be explained that wind is mainly 
responsible for deposition of lead from vehicular exhaust, and Pb particles travel 
certain distance in air before settling down in soil (Viard et al., 2004). The number 
of total nematodes exhibited a gradual increasing trend to a distance and then 
decreasing with increase in distance from the highway in our investigation, well 
explained by positive correlation of total number of nematode with total and 
available Pb, thus Pb had effects on the number of total nematodes. Response of 
nematode abundance to heavy metals is vari-able, the population of nematodes may 
increase or decrease with heavy metal concentration (Sanchez-Moreno & Navas, 
2007). The numbers of bacterivores correlated positively with total Pb in soil in our 
study. These results indicated that Pb had a positive effect on bacterivorous 
nematodes although this does not fully agree with Sanchez-Moreno and Navas 
(2007), who found low populations of bacterial and fungal feeding nematodes in 
heavy metal polluted soils. It may he due to fact that heavy metal toxic effects may 
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disappear due to adaption of organisms (Haimi & Matasniemi. 2001). Herbivores 
were most dominant trophic group in our study. The high abundance of herbivores 
was at the medium Pb concentration which agrees well with Korthals et al. (1998) 
who reported that intermediate pollutant concentrations may be beneficial to plant 
parasites as due to increase in nutrient availability and a higher leakage of root 
exudates may occur which plays a role between plant parasites and heavy metal 
concentration. Helicotylenchus was most eudominant genus that can be explained in 
a crop field presence of plant roots leads to abundant resources for plant parasites 
and hence they build up their population. The correlation between total and available 
Pb and Aphenlenchoides was negatively significant. Higher dominance of 
Aphenlenchoides appeared at 5m and 320m with low concentrations of Pb. 
However, no significant correlation between the concentration of Pb and Boleodorus 
was found and its distribution was probably better explained by the joint action of 
soil properties and heavy metals. Omnivore-predators were least abundant in our 
study and the most sensitive trophic group to heavy metal pollution, which fully 
agrees with Georgieva et al. (2002) and Zhang ei al. (2006) who reported that the 
population of omnivore-predators was reduced due to increase in concentrations of 
heavy metals. MI2-5 gives a much better response to disturbances than MI (Nagy el 
al., 2004). The values of MI2-5 in our investigation ranged from 2.46 to 3.19, which 
agree well with that reported by Nagy et al. (2004) in Hungary and Zhang et al. 
(2006) in China. The nematode channel ratio (NCR) is known to be an important 
indicator of the decomposition pathway in the soil food webs (Yeates et al., 2003). 
The values of NCR in our study ranged from 0.59 to 0.81 with highest value at 20 m 
and lowest at 5 m. The values of NCR indicated the bacterial decomposition 
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pathway was relatively more dominant at 20 m. The values of NCR correlated 
negatively with pH (P < 0.01) in our study. The lower NCR values may result from 
lower pH values. A higher value of NCR may reflect the abundance of mycorrhizal 
fungi (De (loede et al., 1993). It can be concluded from present study that total and 
available Pb in soil had a positive correlation with the number of total nematodes as 
well as with that of bacteriovores. The concentration of Pb also have effect on 
abundance of Helicotylenchus, which increases in moderate concentration of Pb. 
NCR could be effectively used as indicators, as it was sensitive to concentration of 
Pb. Thus nematodes can serve as useful bioindicators of heavy metal pollution to 
reflect the condition of soil ecosystem. 
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Introduction 
Nematodes are important components of soil food webs and play important 
roles in ecological processes such as nitrogen cycling and plant growth patterns 
(Neher, 2001). The bacteriovores nematodes are key micro-faunal grazers that 
regulate ecological processes of decomposition and nutrient cycling, thereby 
indirectly affecting primary production (Freckman, 1988). An increase in the 
abundance of these nematodes often enhances microbial activity in soils with non-
Limiting supply of nitrogen (Wasilewska, 1998). Bacterivorous nematodes arc better 
bio-indicators of the decomposition rate of organic matter than the bacteria 
themselves and because of their higher position in food web, they integrate both 
biotic and abiotic factors (Griffiths et al., 1994; Wasilewski, 1998). Thus any 
change in land management that affects bacteriovores nematodes has the potential to 
influence critical ecological processes (Yeates & King, 1997). Under field 
conditions, these nematodes are estimated to contribute (directly and indirectly) 
about 8 to 19% of nitrogen mineralization in conventional and integrated farming 
systems respectively (Beare, 1997). Although there are many reports on their 
abundance in different cropping systems and different land uses (Liang et a1., 2005), 
Sohlcnius and Sander (1987), Yeates et al. (2000b), Liang et al.(2005) and Ou el al.. 
(2005) studied the dominance of different genera of bacteriovores nematodes under 
different land uses, but no study has so far been performed examining the 
distribution of bacterivorous nematodes along increasing distance from a thermal 
power plant, as this power plant is the source of carbon which is emitted as smoke 
and settles in surrounding crop field affecting their total organic carbon, available 
potash and available phosphates in the soil. 
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The present study was planned with objectives to study the distribution of 
bacteriovores nematodes in relation to total organic carbon, available potash and 
available phosphates as influenced by the deposition of fly ash released by thermal 
power station. 
E3 
Material and methods 
The samples for the present study were taken from wheat fields (Triticum 
aestivum L.) in down wind direction from a thermal power station located at 
Kasimpur in Aligarh district (27.30 N. 79.40 E), which lies on fertile plains of 
Ganga and Yamuna, called doab, one the most productive regions of India. Annual 
rainfall ranges from 700-1100 mm, and temperature ranges from 4°C during winter 
to 40°C during summer months. The power plant is functional since over last 50 
years and has two long chimneys emitting smoke which settles in surrounding crop 
fields. Sampling was done at the time of harvesting of wheat crop on 12th March, 
with the help of cylindrical steel corer oi' 5 cm diameter from the depth of 0-20 cm, 
along the distance gradient of 500 m (A), 1000 m (B), 2000 m (C) and 4000 m (D) 
from the source of smoke. Five replicates of three cores per sample were mixed 
together to make composite samples, which were then brought to lab for further 
processing.Nematodes were extracted from 100 g of fresh weight of soil using 
Cobb's sieving and decantation and modified Baermann's funnel technique (Tomar 
et al., 2006). All the bacteriovores nematodes from each extracted sample were 
counted and identified to genus level, based on stoma and pharyngeal morphology 
(Baniyamuddin et al., 2007). Genera with 10 or more than 10% of overall proportion 
were considered Eudominant, 5.1-10.0 were dominant, 1.1-5.0 were subdominant 
and less that 1.0 were considered as recedents. Chemical analysis of the soil samples 
was done at government soil laboratory at Quarsi farm, Aligarh. Statistical analysis 
was performed by ANOVA using SPSS statistical software. Differences with P < 
0.00.5 were considered significant and P < 0.001 as highly significant. 
Results 
Dominant genera of bacteriovores nematodes 
In the present study, 9. 10, 11 and 8 bacteriovore nematode genera were 
recovered from sites A, B, C and D respectively. Jiucephalobus and Cephalobus 
were found to be the dominant bacteriovore nematode genera at all the four sites of 
study. Other dominant genera were Acrobeloides at site A, Acrobeles, 
Panagrolaimus, and Rhabdilis at site B, Chiloplacus, Chronogasler. Monhyslera, 
Plectus and Panagrolaimus at site C, and Acrobeles and Monhystera at site D (Table 
L Fig. 1). Plectus and Panagrolaimus were present at all the four sites with their 
abundance showing a gradual increase upto site B and subsequent decrease at site C 
and D. Except for Cephalobus, which had highest abundance at site A, abundance of 
other nematode genera did not follow any trend. The abundance of Acrobeles and 
Eucephalobus was significantly correlated with increase of distance (P < 0.005). 
Soil physical factors such as pH, total organic carbon and available potash (P < 
0.001) and available phosphates (P < 0.005) were also significantly related with 
increase of distance from power station. The concentration of carbon gradually 
increased site B (42g/ha) and then it decreased to site D (25g/ha) (Fig. 2). 
Correlation between abundance of genera and soil chemical properties 
Abundance of nematode genus Acrobeles correlated positively with pH (P < 
0.05), while Acrobeloides correlated negatively with pH and total organic carbon, 
while Rhabdilis (P < 0.05) correlated positively with total organic carbon. No 
nematode genera were significantly correlated with available potash, but available 
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phosphates showed a high degree of positive correlation with Chiloplacus (P < 0.05) 
(Fig. 3, "fable 2). 
Tab I e I . Proportional contribution (%) of batter iovore nematodes to the nematode assemblage .long a distance 
gradient. 
1 A B C n 
Acrobelcs 8.7 12.1 3.4 24.3 
Acrobeloides 13.8 0.0 8.0 0.0 
Chilophuus 2.9 9.7 10.7 9.8 
Cephalobus 20.0 14.2 16.9 22.0 
Chronogaster 3.7 3.0 10.7 0.0 
Eucephalobus 35.S 13.3 4.6 10.5 
MesorhaLdilis 4.3 6.2 2.3 0.0 
Monhyslera 0.0 8.1 11.2 10.0 
Pleirus 3.7 6.5 11.2 8.7 
Panagrolaimus 7.2 12.7  11.4 9.4 
Rhabditis 0.0 13.9 9.2 5.2 
(where A = S00 m; B = 1000 m: C = 2000 m; 1) = 4000 m ) 
T a b I e 2. Correlation between bacteriovores nematodes and soil chemical properties 
A B C D E F G H I J K L 
Acrobeles (A) 1.000 
Acrobeloides(B) -.391 1.000 
Chiloplacus (C) .153 -.080 1.000 
Cephalobus (D) -.031 .202 -.058 1.000 
Chronogastcr (E) .103 .191 317 -.220 1.000 
Monhystera(F) .238 -.028 .572" .194 349 1.000 
Plectus (G) .203 .099 .475' .337 .610" .718•' 1.000 
Rhabditis (H) -.011 -.022 .654" -.086 .423 .665" .575" 1.000 
pH (I) .456' - 481' .246 -.053 -.258 .402 .185 .415 1.000 
avail. carbon (J) -.230 -.292' 331 -.245 .208 .384 .178 .464' .277 1.000 
avail. potash (K) -.070 -.484 .245 -.141 -.089 .289 .038 .365 .533' .900" 1.000 
avail, phosphates (L) .130 -.210 .528' .148 -.071 .442 .216 .340 .396 .416 .463' 1.000 
' Correlation is significant at the 0.05 level (2-tailed). 
Correlation is significant at the 0.01 level (2-tailed). 
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Discussion 
The ecological roles of soil invertebrates include plant herbivory and the 
mineralization of nutrients in the detrital food web, both of which may be affected 
by change in carbon-flow patterns and, in turn have important impacts on 
ecosystems behaviour (Neher et al., 2004). As bacteriovores nematodes play 
important role in mineralization of soil (Wasilewska, 1998), their abundance had a 
significant effect on productivity of soils. Enhanced carbon in form of CO2 can 
indirectly affect soil organisms through shifts in the quantity and quality of plant 
litter returned to soil, the rate of root turnover, and the exudation of carbon and other 
nutrients into the rhizosphere (Couteax & Thomas, 2000; Wardle et al., 2004). In 
present study, the concentration of total organic carbon showed significant effect on 
the populations of Plectus. Acrobeles and Eucephalobus which indicates that carbon 
plays an important role in their survival. This is in agreement with Berkelmans et al. 
(2003) who reported higher abundance of bacterial feeding nematodes in crop fields 
treated with organic manures rich in carbon. The dominance of Acrobeloides and 
Eucephalobus in present study confirms well with those of Hanel (2003) for 
cultivated fields. The dominance of bacteriovores nematodes in tundra, taiga and 
deserts have been reported and it may be due to absence of Angiosperms (Yeates, 
1979) as bacteriovores nematodes start feeding as soon as climate change permits 
while other trophic groups need the development of food chain. Nielsen (1961) 
reported the increase of bacteriovore nematode population with increase in humus 
which is rich in organic carbon. Among the bacteriovores nematodes Cephalobidae 
are often the most abundant group in soils (Yeates, 2003), which may explain the 
overall dominance of Eucehhalohus and significant relation of various cephalobids 
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with respect to pH and total organic carbon. Rhabditidae have been reported to 
increase with nutrient flux, explaining positive correlation of Rhabditis with total 
organic carbon. Yeates (2003) reported the dominance of plectids in structurally 
degraded soils, which may not he in line with present study where Plectus was 
significant with respect to total organic carbon. It may be concluded from the 
present study that while total organic carbon may plays an important role in life 
history of certain bacteriovores nematodes. the effects of potash and phosphates 
need to be further studied. 
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CHAPTER 6 
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Introduction 
Conventional farming systems have been associated with many 
environmental ills. Common problems such as loss of fertility, soil erosion, 
reduction of soil biodiversity, and ground water pollution (Fhrlich, 1988) may 
become crucial issues affecting production of sufficient amounts of food and fiber. 
When the sustainability of a particular land use is considered it is necessary to 
ensure that both the chemical and physical conditions of the soil remain suitable for 
plant growth. The major nutrients carbon, nitrogen, phosphorus. potassium and 
sulphur must not only remain in balance but they must be available for plant uptake. 
Nutrients removed in agricultural produce should be replaced. Soil physical 
conditions should not be allowed to deteriorate; the physical substrate should 
provide a suitable seedbed and adequate moisture for crop growth. A key to success 
of sustainable agriculture is conservation of natural resources and higher dependence 
on natural ecosystem processes (Elliot & Cole, 1989). The ability to monitor and 
assess the quality of agro-ecosystem soils are of significant importance to farmers 
who could modify i their farming strategies accordingly. The idea that changes in the 
soil environment imposed by agricultural practices could be revealed by measures 
of nematode community patterns has been investigated in recent years (Yeates er al., 
1997; Porazinska et al., 1998). Among the soil organisms involved in the 
mineralization, nematodes play an important role (Griffiths et al., 1994; Ferris et al., 
1996; Griffiths etal., 1997; Bardgett & Me-Alister, 1999). Nematode excretion may 
contribute at certain times, up to 27% of soluble nitrogen (Ekschmitt eta!,, 2001). 
As nematodes feed on wide range of the soil organisms and are dependent on 
the continuity of soil water films for movement, their activities are largely controlled 
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by soil biological and physical conditions. Given the ease of recovering nematodes 
from soils and the ability to identify them to meaningful taxa or functional group, 
soil nematodes offer great potential for the use as indicators of biodiversity and for 
assessing the impact of changing land use on soil conditions (Yeates & l3ongers, 
1999). In past decades soil nematodes have been found, through their roles in 
regulating soil bacterial and fungal populations, to be intimately associated with the 
cycling of major nutrients in agricultural soils (Ingham et al. 1985) and a more 
positive view of nematodes in soil process have been adopted (Yeates, 1987; 
Porazinska etal. 1999; Sanchez-Moreno etal. 2011). 
Thus, there are significant possibilities for the use of nematode populations and 
diversity as indicators of overall soil conditions in crop fields. The present study has 
been envisaged to study the population dynamics of a crop field during different 
stages of crop maturity and food web diagnostics during sowing, flowering and 
harvesting stage of crop field. The objectives of present study may be summed as 
follows. 
• Characterize nematode communities (taxonomic and ecological) in soils 
during various stages of crop maturity. 
• Evaluate whether soil ecosystem differences imposed by farming tactics can 
be reflected by nematode characterization. 
• Determine which of the ecological measures most adequately illustrate 
conditions of the soil environment for the crop field studied. 
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Materials and Methods 
The site (27° 14' 0" North, 78° 42' 0" last) was an crop field in village 
A'ohati, located 12 km from Aligarh city on Aligarh-Agra highway. Uttar Pradesh, 
India. Five sampling sites, each covering an area of 5m2 were selected randomly. 
From each site five cores were collected from a depth of 0 — 10 cm using a steel 
corer of 5cm diameter, bulked and mixed to form a single sample. Sampling was 
done in the months of October 2007 (sawing), January 2008 (flowering) and April 
2009 (harvesting). Samples were brought to laboratory and further processing was 
followed according to the method of Tomar et al. (2006). Mass slides containing two 
hundred nematodes per sample were prepared for identification. Identification up to 
generic level was done mainly using Goodey (1963); Jairajpuri and Khan (1982); 
Andrassy (1984), Siddiqi (1986), Jairajpuri and Ahmad (1992); Ahmad (1996). 
Trophic group were allocated according to Yeates et al. (1993) and colonizer 
persistor(cp) scale was assigned after Bongers (1990) Nematode diversity was 
described using the univariate measures of the Shannon-Weaver index calculated at 
genus level (H'). Nematodes were assigned to five main trophic groups 
(bacteriovores, fungivores, herbivores, omnivores and predators) after Yeates et al. 
(1993). Maturity index was calculated to estimate the relative state of the ecosystem 
studied (MI = D/i fi,) (where it is assigned cp valueto taxon i, fi is frequency of that 
taxon). Trophic diversity was calculated by the trophic diversity index (TD1 =1 
/2 piF (Heip et al., 1988) (where Pi is proportion of individual of taxon ith in the 
total population). The channel index (('1= 100 x 0.8 h'u2 ! (3.2Ba, -t Fu,)) (Ferris ei 
al., 2001) (where Fug, Bat are assigned functional guilds) was calculated to indicate 
predominant decomposition pathways (Ruess. 2003). Structure index (SI = (s/s-1 h) 
x100) and enrichment index (El = (e%+b) x100) (where e, bands are sum products 
of assigned weights and number of individuals of all genera) were calculated to 
determine the relative stability of the ecosystem. In all the above-mentioned indices, 
nematode families were allocated ep scale according to their perceived life history 
strategy. All the data were subjected to analysis of variance (ANOVA) in SPSS 
software program. Differences with Pc  0.05 were considered significant while those 
with P < 0.01 were highly significant. Correlation between indices and trophic 
groups were done by SPSS. 
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Results 
Diversity and Abundance 
Thirty eight genera belonging to 6 orders and I7families were reported from 
samples during sowing season, while thirty five genera belonging to 6 orders and 14 
families were reported from samples during flowering, and during harvesting twenty 
five genera of 4 orders and 12 families were identified. There was a steep decline in 
number of nematode genera from sowing to harvesting, while total abundance of 
nematodes was almost same for sowing and flowering, while it decreased during 
harvesting. Boleodorus was most abundant genus during sowing and flowering 
stages while Acrobeles was most abundant at harvesting stage. Lalocephalous. 
Moshajia and Aporcelaimellus were least abundant genera during sowing stage, 
while Tylencholaimellus. Thornenema and Aporcelaimellus were least abundant for 
flowering stages. During harvesting stage Tvlenchorhynchus was observed to be 
least abundant. Tylencholaimus, Dorylaimellus, Latocephalous and Moshajia were 
found only during sowing stage and were completely absent in subsequent stages. 
(Table 1 & 2). 
Soil physical parameters 
Total organic carbon (TOC), available potash and available phosphates were 
determined for the crop field studied. pH ,TOC, Av. Potash and Av. Phosphates 
were highest during flowering while the values for pH, "TOC and Av. Phosphates 
were recorded least during sowing stage and that of Av. Potash was least during 
harvesting stage (Fig. 2). 
101 
Table 1. Abundance of nematode genera duirng different stages of crop maturity 
(n=15, meaniSD)) 
(genera 	 Functional 
Guild 
Sowing Flowering Harvesting 
Mesorhabditis Baj 2.46±3.11 2.6±3.48 4.06±4.51 
Panagrolaimus Bar 2.2614.93 0.8±3.09 5.0612.81 
R/rabditis Baj 7.53±7.38 4.80±6.32 11.73±12.13 
Zeldia Baj 1.33±2.32 0.53±0.91 1.13±1.88 
Acrobeles Ba2 9.26+5.49 6.33±4.77 21.06±7.55 
Acrobeloides Ba2 2.13±5.11 0.66±1.79 3.26±2.12 
Cephalobus Ba2 4.93±5.36 3.80±3.36 9.40±6.78 
Chiloplacus Bat 5.73+6.15 2.13±2.03 1.06±3.19 
Chrono aster Ba2 0.73±1.33 1.53±1.59 2.26±2.08 
Eucephalobus _ Ba2 1.4±3.26 2.0±2.69 3.6±3.15 
Prismatolaimus Baj 5.86±3.87 1.33±2.55 5.0±5.31 
Aphelenchoides Fug 0.8±1.82 0.93±1.83 1.86±2.41 
Aphelenchus Eu2 4.93±4.44 2.29±2.95 5.0±3.04 
Tylenchus Fug 1.86±1.95 5.73±2.52 3.20±2.39 
Tv/encholaimellus Fu4 0±0 0.2±0.77 0.46±0.99 
_Tylencholaimus Fu, 0.66±1.91 0±0 0±0 
Do 'laimellus Fu5 0.2±0.77 0±0 0±0 
Aglenchus HI 0±0 0.4±1.54 0±0 
Basiria H2 0.46±1.80 1.53±2.69 0±0 
Boleodorus H2 17.46±6.68 26.46±6.66 8.73±4.66 
Filenchus H2 1.4±2.22 1.40±1.45 0.4±0.82 
Helico 'lenchus 113 6.73±6.83 15.13±10.02 4.66±5.23 
Hemicriconemoides ' 113 0.13+0.51 0.73±1.03 0±0 
Hoplolaimus 113 17.2±8.72 13.0±6.45 4.0±3.66 
Merlinius 113 0.73±1.09 1.66±2.55 0±0 
PraayIenchus H3 0.73±1.09 0.8±1.42 0±0 _ 
Troph urus 
Tyler.chorh ynchus 
Hj 0.2±0.77 0±0 0±0 
H3 0.73±1.53 1.4±2.22 0.13±0.51 
Lon idorus H5  0.13±0.51 0±0 0±0 
Ecumenicus Om4 0.2±0.41 0.33±0.72 0.06±0.25 
Latocephalous Om4 0.06±0.25 0±0 0±0 
Mosha'ia Om4 0.06±0.25 0±0 0±0 
Oriverutus Om4 0.26±0.70 0.26±0.70 0.46±0.83 
Thornenema  Om4 0.13±0.51 0.20±0.41 0±0 
Eudo laimus Oma 0.8±1.32 0.73±0.88 1.33±0.97 
Tobrilus Cat 0.13±0.51 0±0 0±0 
Trypla Ca3 0.53±0.99 0.86±1.06 0.33±0.61 
Ironus 
A orcelaime/lus 
Ca4 0.93±1.79 0.53±0.99 1.06±=0.96 
 O.t 0 Ca s 0.06+0.25 0.20±0.56 
Discolainrus 	 Ca5 	0.93±1.53 	0.33±6.17 	0±0 
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Trophic Groups 
All the five trophic groups were recorded from different stages of crop 
maturity. Bacteriovores were most abundant at harvesting and least at flowering 
stage. Fungivores were most abundant during harvesting and least at sowing stage. 
IIerbivores were most abundant at flowering stage while they were least abundant at 
harvesting stage. Omnivores were comparatively higher in number at harvesting 
while their numbers during sowing and flowering was observed to he constant. 
Carnivores were most abundant at sowing stage and least at harvesting stage (fable 
2). During harvesting stage many fungivores, herbivores, omnivores and carnivores 
were not found although they were reported in earlier stages. Trophic diversity index 
showed a decline from sowing to harvesting stage (Fig. 1). 
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Fig. 2 Physical parameters at different stages of crop maturity 
Diversity Indices 
Shannon's diversity index (H') was highest at harvesting while lowest at 
flowering. Matuiry index (Ml) was highest at sowing stage while lowest at 
harvesting stage. This clearly gives an indication that ecosystem was more mature at 
sowing stage compared to harvesting. Plant parasitic channel in terms of plant 
parasitic index was recorded highest at sowing stage which gradually decline to 
harvesting stage. PPUM1 ratio which is very good indicator of soil conditions in 
ago-ecosystems was almost constant during three stages except it was little high 
during harvesting stage. 
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Food web studies 
Food web indices like enrichment index (El), structure index (SI) and channel index 
(Cl) were calculated to study the food web conditions during three stages of crop 
maturity. El was almost constant during three sampling times. Si was lowest at 
harvesting stage while it was highest at sowing stage. CI was highest during 
flowering stage and lowest during harvesting stage. Faunal profile obtained for three 
different stages of crop maturity revealed a D-A-B quadrat for all three stages 
except that for sowing stage the prolile was based in quadrul D, while for flowering 
it was based in quadrat B. and for harvesting stage it was a D-A type of quadrat. 
Thus, higher resolution diagnostics of the three stages of study revealed some good 
results and promising information about the condition of soil food web with respect 
to nematodes. 
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Discussion 
Three different stages of crop maturity have been monitored in the present 
study. The highest number of nematode abundance was obtained at the time sowing 
which was driven by high abundance of herbivores and bacteriovores. It is because 
of the fact that before sowing the crop field was left fallow for some time and it 
permitted the growth of some grasses and other soft tissued plant which led to 
increase in herbivores growth. Bacterial feeders were also highly abundant as for the 
fact of presence of organic debris which permits growth of bacteria and thus 
population of bacteriovores (Bongers & Bongers. 1998). 
The patterns observed at the trophic level for bacteriovores, fiingivores, 
omnivores and carnivores resembled patterns of nematodes at the generic level. 
Bacteriovores nematodes were more abundant at harvesting stage as compared to 
other stages as organic inputs trigger quick increase of bacterial populations 
followed by a quick increase of some of the bactcriovores nematodes (Ferris el 
al.. 1996; Yeates et al., 1997). The high abundance of'Acrbeles and Rhabditis during 
harvesting stage of present study revealed the same. The populations of fungivores 
was highest during harvesting stage driven mainly by population of Aphelenchus. 
Thus, the pattern formed by fungivores nematodes was shaped by Aphelenchus. The 
higher abundance of Aphelechus overshadowed the response and trend formed by 
other fungivores. Lack of data on precise feeding preferences of these nematodes 
species and their contributions to nutrient cycling limits our understanding of the 
roles of fungivores nematodes. Based on findings of Ferris et al. it is speculated that 
fungivores like bacteriovores differ in ability to mineralize nitrogen, thus 
information on the individual gebcra or even species seems more appropriate. The 
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resolution of the trophic group for omnivores and possibly carnivores seem more 
appropriate in defining soil ecosystem status (Porazinska et al., 1999). Usually 
relatively low densities of omnivores nematode genera or species , however limit the 
observation of clear responses induced by environmental changes at the species or 
genus level. A natural tendency is to group the in a functional assemblage, so that 
magnified abundance is more likely to reveal a response pattern. Unlike 
bacteriovores, omnivores as typical K strategists display similar environmental 
preferences. In present study the abundance of omnivores, which was highest at 
harvesting stage was mainly driven by Eudorylaimus, although it was expected that 
these nematodes be less abundant at this stage as they are good indicators of 
environmental perturbances (Ferris el al., 2001). While carnivores showed expected 
trend of being highest at sowing stage as at this time field was far more structured 
and stable as compared to other stages of crop maturity, a pattern revealed by SI 
also. Because of the limited knowledge on the biology and role of these nematdoes 
in soil processes, we may learn more by monitoring generic or species composition. 
The idea of using ecological indices as indicators of ecosystem quality (e.g. 
diversity, stability etc.) has received increasing attention over the last decade. 
Indices may be useful tools because they do not only provide quantitative means to 
characterize an ecosystem, but also compare different ecosystems (Ferris et al., 
1996; Yeates & Bird, 1994; Yeates et al.,1997; Park et al., 2011). 
It was assumed that condensation of taxonomic characterization of the 
nematode community into simple ecological index value should provide convenient 
means for inferences about soil ecosystems. In present study several ecological 
indices illustrated nematode community changes during the stages of crop maturity. 
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None of the measures could detect any differences due to stages in crop maturity 
(although few differences were noticed at genus and trophic level). It is in full 
agreement with Porazinska et al. (1999) who also observed same results for agro-
ecosystems under different agricultural regimes. 
Shannon's weaver index (II') fluctuated to high level at harvesting and low 
level at flowering. A fluctuating diversity index might reflect the dynamics of 
ecosystem processes such as for instance, temporary changes of decomposition and 
nutrient mineralization rate. The rate of decomposition is related to the abundance of 
microflora and their grazers (Wardle & Lavelle, 1997). Only a few r-strategy 
oriented genera can increase rapidly and temporarily dominate the entire nematode 
community , negatively influencing nematode diversity indices (Ferris el al., 1996), 
which agrees well with results for diversity indices (H' and TDI) in our study. 
The Maturity index is based on non plant feeding taxa and contain both 
quantitative and biological-ecological aspects of the individual nematode species 
comprising a community. However, low values of maturity indices may be 
associated with either rare k-strategists or predominant r-selected nematodes 
(Bongers, 1990). Low values of MI in our study of three different stages can be 
explained on this basis. The plant parasitic index (PPI) is comparable to MI but 
computed only for plant parasitic nematodes with a rational that their abundance is 
determined with the vigor of the host plant, which in turn is determined by system 
enrichment (Bongers et al.. 1997). Thus, the highest value of PPI during sowing 
stage in present study can be explained. PPI/MI ratio is a sensitive indicator of 
enrichment in agro-ecosystems (Bongers & Korthals. 1995: Bongers el al.. 1997). 
This ratio is lower under nutrient poor conditions than under nutrient rich 
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conditions. In present study this ratio was lower for first two stages of crop maturity 
and gradually increased towards harvesting as soil become enriched due to addition 
of organic manures during later stages of crop development. 
Higher resolution food web indices were also calculated. The enrichment and 
structure index, both based on indicator importance of functional guilds of 
nematodes. are descriptors of food web conditions. Functional guilds are defined as 
a matrix of nematode feeding habits with biological, ecological and life history 
characteristics embodied in the c-p classification. The channel index (Cl) provides a 
means to the partition (low of resources through fungal and bacterial decomposition 
channels. Channe! index values for present study were low, highest being for 
flowering stage indicating food web to he partially fungal dominated. These values 
of Cl are in agreement with studies of Ruess, 2003 who also reported low values of 
CI for agro-ecosystems. In present study El values were higher and SI values were 
comparatively lower during different stages of crop maturity, indicating highly 
enriched and less structured ecosystem. These find fully agree with that of Bongers 
and Bongers, 1999, who reported agro-ecosystems to be highly enriched and less 
structured ecosystems. A graphic ordination of structure and enrichment index has 
been termed as faunal profile, was also obtained fir three stages of crop 
development. It was a D-A-B quadrat for sowing stage indicating a structured, 
resource limited and partially structured food web, for flowering and harvesting 
stages it was a D-A quadrat indicating a depletion of resources towards the end of 
cropping season. This is in agreement with Bongers and Bongers, 1999, who also 
reported same faunal profiles for agro-ecosystems. 
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Thus, it can be concluded from the present study that although the diversity 
and matuirty indices are good indicators of environmental pollution, there use in 
agro-ecosystems needs to further studied, as here they were not clearly able to 
differentiate the conditions prevailing during the different stages of crop maturity. 
Higher resolution indices may provide deep insights into the functioning of food 
webs, but to accurately characterize the status and process of the different stages 
during crop maturity use of nematode community description at generic or species 
level is better tool. There are still different opinions regarding allocation of 
functional guilds and c-p scaling to nematode taxa , thus more studies are needed to 
confirm the position of different taxa in their respective guilds. Then, only a 
complete study using diversity, maturity or food web indices are possible. 
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Summary 
The effect of lead on soil nematode communities at the 0 -
20 cm depth was investigated along an increasing distance 
from a highway in Northeast China. The results showed 
that the abundance of total nematodes significantly in-
creased from 40 m and then decreased eventually and the 
similar trend was also found in most indices studied. Thirty 
seven genera of nematodes belonging to S orders and 24 
families were observed in our study, and neIi(Dry/en(hus 
was cudominant genus at all the sampling sites. The num-
bers of total nematodes significantly correlated with total 
and available Pb (P < 0.05), while EMI had a significantly 
negative correlation with TOC, Total N (P < 0.01) and C/N 
ratio (P < 005). Total and available Pb in soil had positive 
correlation with the numbers of total nematodes and bac-
terivores. The concentration of Pb also had an effect on 
abundance of NelieotyIenchus, which increased in moder-
ate concentration of Pb. NCR could be effectively used as 
indicators, as it was sensitive to concentration of Pb. 
KeyN%ords: soil nematodes; community structure; ecologi-
cal indices; highs%a~: lead 
Introduction 
The contribution of vehicular exhaust to the global emis-
sion of atmospheric pollutants is increasing at alarming 
rate. The pollutants that mainly include Pb, Cd and Zn 
have an impact on environment. The exhausts from vehi-
cles contaminate the atmosphere, water and soil due to 
deposition. Many studies have shown contamination by 
these elements, at the vicinity of highways (Zhang ei al., 
1999: Turner & Maynard, 2003). The concentration of 
heavy metals in the roadside soils may be influenced by 
)actors like wind (Piron-Frenet ei al., 1994) or traffic in-
tensity (Garcia & \lillan, 1998) and by soil physiochemi-
cal characteristics. Heavy metals in this exhaust are usually 
dispersed in relatively higher concentrations in the vicinity 
of a highway, with a gradual depletion as distance from the 
source increases tSezgin et al., 2003; Nabulo et al.. 20061. 
Most vehicles burn leaded gasoline, which is well estab-
lished source of Pb contamination to environment. Mielke 
etal. (1997) observed that accumulation of Pb in soil due 
to leaded gasoline is directly proportional to highway traf-
fic flow. Nematodes are important component of soil eco-
systems and any changes in the soil characteristics may 
result in change in community dynamics of the nematodes. 
which can be assessed with the help of ecological indices. 
Nematode community structure is widely used as a tool in 
ecological studies, to assess the functioning of soil and 
biomonitoring. Nematode fauna composition along with its 
indices, has emerged as a useful monitor for environmental 
conditions and soil ecosystem function and also helpful in 
assessing the effects of various soil disturbances (Bongers 
& Ferris, 1999; Neher, 2001; Berkelmans el a!, 20031. 
In recent years, there are many reports of the impact of 
heavy metals on soil ecosystems. Sezgin et al. (2003) 
studied contamination of highway soils with heavy metals 
in Turkey and reported heavy concentration of lead in the 
soils near highway. Viard et at (2004) assessed the bioac-
cumulation of heavy metals (Pb, Cd, Zn) in soil, plants of 
graminacae and garden snails; and reported that lead effi-
ciently described traffic impact and it was the most adapted 
tracer of highway environment. Nabulo et al (2006) 
assessed the contamination of roadside soils with heavy 
metals in Uganda and found concentration of heavy metals 
decreased with increasing distance from roads. Wang et al. 
(2006) compared the distribution pattern of lead in rural 
and urban Shenyang city and found that east sides of the 
road were more contaminated as compared to west sides. 
Many studies have been performed to evaluate nematode 
responses to heavy metals from sources like industrial 
complex (Shukurov Cl al.. 2005), metallurgical factory in 
China (Li et al., 2006; Zhang et al., 2007), howe%er. there 
is little information on soil nematode responses to heavy 
24I 
(A; 
metal pollution from a highway. The objective of this 
study was to investigate the distribution of soil nematodes 
along a Pb pollution gradient with increasing distance from 
a highway in Northeast China. 
Material and Methods 
"['his study was conducted at a maize field that was dis-
tributed near a highway. Soil samples were collected from 
the maize field along the section of Shen-Ha highway 
bet,►een Shenyang and Tieling. which are all the large 
cities in Liaoning, Northeast China. The section suited in 
the Puhe town (41°57' N. 123°36' E) far from the centre of 
Shenyang city. The section of highway is characterized by 
a traffic level of 50,000 vehicles and 300,000 passenger 
flow per day. The study site is located in the continental 
monsoon zone with a dry-cold winter and a warm-wet 
summer. The annual temperature is 7.3 °C, mean annual 
precipitation is 667 mm. The test soil is classified as a 
llapli-Udic Argosol in Chinese soil taxonomy (Hua et al., 
2006). with 12.75 g kg" total C. and 1.1 1 g kg" total N, pli 
(H:O)6.3.38.0% sand, 41.4% silt and 20.6% clay atthe 
0 -- 20 cm depth. 
Soil samples at the 0 -- 20 cm depth were taken from the 
maize field (100 m x 320 m) along a pollution gradient 
with distance at 5, 20, 40, 80, 160 and 320 meters in a 
downwind direction from the east side of highway on 
October 5, 2007. Five replications were collected by coring 
techniques (5 cm diameter). Each replication was com-
posed of 5 soil cores. Soil samples were placed in indivi-
dual plastic bags and transported to the laboratory for 
chemical and nematode analysis. 
Before chemical analysis, soil samples were air-dried, 
,round to pass through a 2 mm sieve for determination of 
available Pb. Subsamples were then ground and passed 
through a 149 }tm sieve for determination of total Pb. Soil 
samples were digested with HF-HNO3-HCIO, (3:1, v/v) 
and determined using AAS (WFXI20A) with detecting 
limit of 0.01 mg/L for total Pb. The concentrations of 
available Pb in soil samples was determined after extrac-
tion with 0.1 ntol'L HCL (solid: liquid =1:5) (Li et al., 
2006; Qin cat al., 2009). 
Nematodes were extracted from 100 g (fresh weight) of 
soil from each sample using modified Baerntann's funnel 
technique (Tomar et al., 2006). The nematode abundance 
was expressed per 100 g dry weight soil (Liang Cl al., 
2007). All extracted nematodes in each sample were 
counted and identified to genus level using an inverted 
compound microscope. The classification of trophic groups 
was assigned to: (I) bacterivores (Ba); (2) fungivores (Fu); 
(3) root-fungal feeders (RFF); (4) herbivores /plant-para-
sites (H); (5) omnivores (OM) and (6) carni-
vores.'predators) (Ca), based on known feeding habitats or 
stoma and esophageal morphology (Yeates ei al., 1993; 
Handl, 2004; Reneo, 2004; Okada et al., 2005). 
Following ecological indices of nematode communities 
were calculated: (I) Dominance . = Epi; (2) Shannon-
\e eager diversity H' = -pi Inpi, where pi is the proportion 
242 
of individuals in the ith taxon; (3) Species richness SR -_ 
(S-1 )lnN, where N is the number of nematodes: (4) ENen-
ness(J') = H'/InS, S (nematode taxon richness) is the total 
number of genera (Ycates & Bongers, 1999); (5) S ma-
turity index EMI = Ev(i)•f(i), where v(i) is the c-p value of 
taxon i, f (i) is the frequency of taxon i in a sample; (6) 
M12-5 (excluding c-p I group) (Bongers, 1990; Konhals ei 
al., 1996; Yeates et al., 2003; Nagy et al., 2004); (7) 
Nematode channel ratio (NCR), NCR = B/(B+F), where B 
and F are the proportions of the nematode fauna allocated 
to bacterivorous and fungivorous groups (Ycates el al., 
2003). Three dominances were divided according to the 
proportions of nematode genera: "eudominant" is over 10 
%, "dominant" 5 - 10% and "subdominant" 2 - 5 °%o. 
All the data were subjected to statistical analysis of vari-
ance (ANOVA) in the SPSS statistical package. Differ-
ences with P < 0.05 were considered significant. 
Results 
Significant differences in total and available Pb concentra-
tions were found among sampling sites (P < 0.05j, with 
increase and subsequent decrease in concentrations (Fig. 
I). The highest values of total and available Pb were found 
at 20 nm and lowest value at the 320 m from the highway. 
These results indicated that total and available Pb concen-
trations decreased with increasing distance from the high-
way. Exceptionally, very low amount of total and available 
lead was present at 5 m from highway. Based on the 
Standards for Soil Environmental Quality of China (1995), 
the allowed value (II grade) for Pb is 150 mg kg' when 
soil pH value was less than 6.5. The average concentra-
tions of Pb at the sampling sites from 20, 40 and 80 cm 
were above the allowed values of Pb (Fig. I ). 
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Fig I Concentrations of total and available Pb (meant SD) at 
different sampling sites along a pollution gradient from the 
I)igh«ay. 
Table I The proportion (%) of nematode genera and trophic groups at different sampling sites from the Highway 
Genus 	Guild 	5 m 20 m 	40 m 	80 m 	160 m 	320 m 	P-value 
Acrobeles Ba2 0.19 0.19 1.43 0.42 4.82 4.23 NS 
Acrobeloides Ba, 0 0.85 0.52 3.3 0.18 1.67 NS 
Cephalobus Ba2 8.74 6 5.89 4.9 10.23 3.47 NS 
Chiloplacus Ba., 0 0 0.91 1.49 3.29 2.22 NS 
Eucephalohus Ba, 7.07 6.98 2.26 11.19 6.63 2.03 NS 
.Mesorhabdtis Bai 0 4.18 4.11 0.36 0.83 0.91 <0.05 
Afonhystera Ba, 0 0.19 0 0.69 0.17 1.65 NS 
Panagrolaimus Bai 0 0 0.32 0.37 0 0.36 NS 
Prismarolaintus Ba3 0.18 3.56 1.35 0.82 1.59 0.72 NS 
Rhabditis Ba i 0 0 0 0 1.25 0 NS 
Teruiocephalus Ba3 0 0 0 0 0.18 0 NS 
li'ilsonenttt Ba, 0.37 0 0 0.18 0 0.36 NS 
Aphelenchoides Fu, 8.25 I.87 2.53 4.14 5.91 9.41 <0.05 
4phelenchus Fug 0.58 0.74 0.52 2.41 1.54 0.72 NS 
Diptherophora Fut 0.37 0.34 0 0 0 0 NS 
Dorylaimoides Fu, 0.37 1.54 1.85 0.39 1.4 1.37 NS 
TVlencholaimus Fu4 0 0 0.35 0 0 0 <0.05 
Aglenchus RFF2 0 0 0 0.18 0 0 NS 
Bol~odorus RFF, 18.45 6.02 6.7 2.59 5.58 13.02 <0.05 
Filenchus RFF2 8.65 3.24 2.66 6.39 2.56 2.76 NS 
Psilenchus RFF, 0.39 0.67 0 0.46 0 0 NS 
Tylenchus RFF, 0 4.31 2.15 0.18 2.15 3.51 NS 
Epidorylaimus Om4 0 0 0 0.2 0 0 NS 
Eudoryluimus Om4 0.37 0.75 3.79 5.61 1.52 2.19 <0.01 
Thornenemu Om, 0 0.75 0.36 0.22 0.73 0 NS 
.1xonchiurn Om5 0.99 0.54 1.51 0.64 0 3.32 <0.05 
Dory/amid/us Om5 0 1.14 0 0.44 0.59 0.92 NS 
Aporcelaimellus Ca5 0 0.33 0.74 0.22 1.76 0 NS 
Discolaimus Ca5 0 0 0 0 0.18 0 NS 
lotonchus Ca, 0 0 0 0 0.18 0 NS 
.tifylonchulus Cas 0.97 0.37 0 0 0 0 <0.0 I 
Cricunemoides H3 0 0.38 0 0 0 0.18 NS 
llelico,ylenchus 11 3 37.19 44.82 45.9 39.49 36.42 29.29 NS 
Ileterodera 1-1 _ t 0 6.12 0 0 1.54 3.28 <0.0I 
Ilirschrnaniella H , 0 2.4 1.25 7.82 4.06 0.75 <0.0l 
PrcN1 /enchus H, 11.51 6.38 3.24 7.54 0.92 9.79 \S 
Tronhurus H, 2.49 0 3.16 1.77 11.54 0.18 <0.0I 
Guild designation is the composite of feeding habit and cp value Ba - bacterivore, Fu - fungwore, RFF - root-fungal feeders 
Om - omnivore. Ca - carnivore (predator), H - herbivore. Numbers following the letters indicate the cp value of each taxon 
based on Bongers (1990, 1999), Ferris & Matute (2003). 
Thirty seven genera of nematodes from eight orders and 
twenty-four families were identified in our investigation 
(Table 1l, and I(elicotylenchus was eudominant genus at 
all the sampling sites with highest dominance (46 O/) at 40 
nt. Pratylenchus was eudominant only at 5 m while 
Roleodorus was eudominant at 5 to and 320 m. Eucepha-
lobus and Trophurus were eudominant at 80 in and 160 m, 
respectively. Cephalobus was present at all sites, with 
cudominance at the distance of 160 m from the highway. 
.lphelenchoides was dominant at 5 m, 160 m and 320 m, 
respectively. The dominance of Aphenlenchoides and 
13oleodorus were all higher at 5 m and 320 m than at other 
sites. .tfesorhabditis, Aphelenchoides, 1ylencholaimus. 
Boleodorus. .-lxonchium (P < 0.05) and Eudorylaimus. 
,WyloncMdus, Heierodera, Ilirschmuniella. Trophurus (P < 
0.01) were significantly different at different sampling 
distances. 
The number of total nematodes increased at 40 m and 
subsequently decreased to 320 nm. The highest abundance 
of nematodes was at 40 m while lowest at 5 m. Significant 
differences in the number of total nematodes (P < 0.05) 
were found among sampling sites (Table 2). Except fungal 
feeders, which ere highest at 320 in, the number of bacte-
rial feeders, root-fungal feeders, herbivores and omni-
vores-predators also showed the same trend as total nema-
todes. Bacterial feeders (P < 0.01) were significantly dif-
ferent with distance. 
Significant differences in the ecological indices including 
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Table 2. Abundance (individuals per 100 g dry soil) of soil nematodes and ecological indices at different sampling sites 
from the Highway 
5 m 20 m 40 m 80 m 160 m 320 m P-value 
Abundance 
1'\[M 274.0±97.0 3991123.7 543.8±123.2 421.01166.4 307.6±94.3 318.8±45.0 <0.05 
Ba 42.7±35.1 81.7±45.6 81.3145.0 71.8±15.8 79.1±33.2 52.0±14.3 <0.01 
Fu 26.6119.8 19.5±15.9 28.3±23.9 24.1±8.4 23.2±17.3 35.7=18.5 NS 
RFF 58.0±14.7 48.3110.7 92.2±40.0 39.4±9.2 29.0±5.7 52.1±13.3 NS 
It' 139.0±20.2 231.7±29.7 309.6±45.2 258.4±73.9 161.0±30.2 159.2±34.2 NS 
Om+Ca 7.6±3.3 18.0±7.0 32.5±8.5 27.4±10.9 15.2±5.4 19,9x3.8 NS 
Ecological index 
}, 0.23±0.05 0.25±0.07 0.36±0.20 0.23±0.13 0.19±0.05 0.21±0.14 <0.01 
II' 1.7210.23 1.86±0.27 1.65±0.64 1.95±0.39 2.05±0.26 2.06=0.43 NS 
SR 1.39±0.40 1.97±0.40 1.98±0.65 2.08±0.39 2.22±0.72 2.47=0.54 NS 
J' 0.80±0.03 0.73±0.08 0.63±0.17 0.75±0.13 0.80±0.09 0.75±0.13 <0.01 
SMl 4.25±0.50 4.93±0.65 5.24±0.46 4.88±0.24 5.20±0.25 4.69±0.39 NS 
M12-5 2.24=0.07 2.47=0.17 2.74±0.22 2.37±0.11 2.46±0.13 2.33-0.16 NS 
NCR 0.59=0.17 0.81=0.06 0.75±0.17 0.751-0.06 0.79*0.14 0.60±0.15 <0.01 
dominance (3,), evenness (J'), M12-5 and nematode channel 
ratio (NCR) (P < 0.01) were found at sampling sites. The 
lowest values of M12-5, NCR and MI were found at 5 m 
from the highway. The values of ). ranged from 0.19 to 
0.36, with high and low values at distance of 40 m and 160 
m from the highway (Table 2). H' was highest at 320 m, 
while M12-5 and NCR followed the same trend as the 
number of total nematodes. The obtained values of NCR 
ranged from 0.59 to 0.81 with highest value at 20 m and 
lo%'est at S m. 
I he number of total nematodes positively correlated with 
total and available Pb, while bacterial feeders correlated 
with total Pb (P < 0.05). SR and J' negatively correlated 
with total nitrogen and total Pb (P < 0.05), while EMl 
negatively correlated to TOC, Total N. C/N (P < 0.01) and 
NCR with pH (P <0.01) (Table 3). 
concentrations were found on cast side at site 40 in and the 
lowest at 360 m in our study. These results were in line 
with those of Wang ei at. (2006) in Shenyang, who found 
that east sides of the highways are more contaminated than 
west sides and Nabulo el al. (2006) in Uganda, who re-
ported that generally highest concentrations of Pb were 
found at 30-40 m from highway. Increase in soil Pb 
concentration at 40 m may be reasoned that impact dis-
tance for Pb is 30 m to 40 m from a highway 1 Viard et al., 
2004; Nabulo ei al., 2006). Presence of low concentration 
of Pb nearest to highway (Sm) can be explained that wind 
is mainly responsible for deposition of lead from vehicular 
exhaust, and Pb particles travel certain distance in air be-
fore settling down in soil (Viard ei al., 2004). 
The number of total nematodes exhibited a gradual 
increasing trend to a distance and then decreasing with 
Fable 3 Correlation coefficients for soil nematodes and soil chemical properties at ditTercnt sampling sites 
Indicator pH Total Pb Available Pb TOC Total N C(N 
TNEM -0.11 0.48* 0.42* -0.16 -0.03 -0.10 
Ba -0.38 0.41 * 0.29 -0.34 -0.26 -0.31 
Fu 0.30 -0.28 -0.28 0.05 -0.09 0.17 
RFF 0.09 -0.06 0.19 0.07 0.01 0.14 
IT -0.18 0.32 0.25 -0.16 -0.14 -0.07 
Om+Ca -0.14 0.15 0.04 -0.19 -0.22 -0.04 
-0.14 0.33 0.30 0.05 0.07 0.02 
H' -0.09 -0.35 -0.31 .0.24 -0.38 0.02 
SR -0.19 -0.05 -0.24 -0.36 -0.30* -0.13 
J' 0.22 -0.46* -0.10 0.06 0.02 0.06 
rMl -0.27 0.37 -0.17 -0.60** -0.52** -0.43* 
4112.5 -0.27 0.27 0.02 -0.07 -0.05 -0.04 
NCR -0.57** 0.20 0.34 -0.24 -0.02 -0.33 
Esplanauons. *, •• - Correlations are significant at P < 005 and 001 levels, respectively 
Discussion 
Aerial deposition of Pb emitted from the heavy and light 
traffic passing on the highway caused an increase in heavy 
metal concentrations in the investigated soils. The highest 
increase in distance from the highway in our investigation. 
well explained by positive correlation of total number of 
nematode with total and available Pb, thus Pb had effects 
on the number of total nematodes. 
Response of nematode abundance to heavy metals is vari- 
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able, the population of nematodes may increase or decrease 
with heavy metal concentration (Sanchez-Moreno & 
Navas, 2007). The numbers of bacterivores correlated 
positively with total Pb in soil in our study. These results 
indicated that Pb had a positive effect on bacterivorous 
nematodes although this does not fully agree with San-
chez-Moreno and Navas (2007), who found low popula-
tions of bacterial and fungal feeding nematodes in heavy 
metal polluted soils. It may be due to fact that heavy metal 
toxic effects may disappear due to adaption of organisms 
(Haimi & Matasniemi, 2001). Herbivores were most domi-
nant trophic group in our study. The high abundance of 
herbivores was at the medium Pb concentration which 
agrees well with Korthals el al. (1998) who reported that 
intermediate pollutant concentrations may be beneficial to 
plant parasites as due to increase in nutrient availability 
and a higher leakage of root exudates may occur which 
plays a role between plant parasites and heavy metal con-
centration. Helicotylenchus was most eudominant genus 
that can be explained in a crop field presence of plant roots 
leads to abundant resources for plant parasites and hence 
they build up their population. The correlation between 
total and available Pb and Aphenlenchoides was negatively 
significant. Higher dominance of Aphenlenchoides 
appeared at 5 in and 320 in with low concentrations of Pb. 
lowever, no significant correlation between the 
concentration of Pb and Boleodorus was found and its 
distribution was probably better explained by the joint 
action of soil properties and heavy metals. Omnivore-
predators were least abundant in our study and the most 
sensitive trophic group to heavy metal pollution, which 
fully agrees with Georgieva er al. (2002) and Zhang el al. 
t2006) who reported that the population of omnivore-
predators was reduced due to increase in concentrations of 
heavy metals. 
M12-5 gives a much better response to disturbances than 
M1 (Nagy el al., 2004). The values of M12-5 in our inves-
tigation ranged from 2.46 to 3.19, which agree well with 
that reported by Nagy et al. (2004) in Hungary and Zhang 
et al. (2006) in China. The nematode channel ratio (NCR) 
is known to be an important indicator of the decomposition 
pathway in the soil food webs (Yeates el al., 2003). The 
values of NCR in our study ranged from 0.59 to 0.81 with 
highest value at 20 m and lowest at 5 m. The values of 
NCR indicated the bacterial decomposition pathway was 
relatively more dominant at 20 m. The values of NCR 
correlated negatively with pH (P < 0.01) in our study. The 
lower NCR values may result from lower pH values. A 
higher value of NCR may reflect the abundance of mycor-
rhizal fungi (De Goeda el al.. 1993). 
It can be concluded from present study that total and avail-
able Pb in soil had a positive correlation with the number 
of total nematodes as well as with that of bacteriovores. 
The concentration of Pb also have effect on abundance of 
llelk•oi)lenchus, 	which 	increases 	in 	moderate 
concentration of Pb. NCR could be effectively used as 
indicators, as it was sensitive to concentration of Pb. Thus 
nematodes can serve as useful bioindicators of heavy metal 
pollution to reflect the condition of soil ecosystem. 
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Abstract 
Tomar V.VS., Banivamuddin M.D., Ahmad W: Distribution of bacterivorous nematodes along 
the distance gradient from a thermal power station. £kol6gia (Bratislava), Vol. 29, No. 1, p. 47-54, 
2010. 
the distribution of bactcrivoeous nema;u.le gcnoa along a distance gradient from a So years old 
Thermal power station was studied. Sampling distances were 50Um (A), I 000 (B). 2000m (C) and 
4000m (D) from the station. Soil chemical properties were analyzed and the abundance of nematode 
genera were studied in relation to p11, available carbon, available potash and available phosphates 
in the soil_ The concentration of available carbon increased and consequently decreased with dis-
tance Eutepha!obus wit overall dominant genus at the four sites 1 he abundance of Acrobefes and 
Eucephi+lobus (P < U US) was significantly corrclatcd with distance from source. while abundance 
of Acrobelrs, Eucepha(obus (P < 0.05) and Plectus (1' < 0.01) significantly correlated with ava%labte 
carbon. Aerobe!es, Acrobdoides, Rhubhius and Panagro!airnus were correlated with pH. available 
carbon and available phosphates while no nematode genus correlated with available potash. 
Key woofs: bacteriovore nematodes, distance gradient, thermal power station 
Introduction 
Nematodes arc important components of sot! tood webs and play important roles in eco-
logical processes such as nitrogen cycling and plant growth patterns (Neher, 2001). The 
bacteriovores nematodes are key micro-faunal grazers that regulate ecological processes of 
decomposition and nutrient cycling, thereby indirectly affecting primary production (Freck-
man, 1988). An increase in the abundance of these nematodes often enhances microbial 
'Corresponding author 
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activity in soils with non-limiting supply of nitrogen (Wasilewska, 1998). Bacterivnrous 
nematodes are better bio-indicators of the decomposition rate of organic matter than the 
bacteria themselves and because of their higher position in food web, they integrate both 
biotic and abiotic factors (Griffiths et al., 1994; Wasilewska, 1998). Thus any change in land 
management that affects bacteriovores nematodes has the potential to influence critical 
ecological processes (Yeates, King, 1997). Under field conditions, these nematodes are esti-
mated to contribute (directly and indirectly) about 8 to 19% of nitrogen mineralization in 
conventional and integrated farming systems, respectively (Beare, 1997). 
Although there are many reports, on their abundance in different cropping systems and 
different land uses (Liang et al., 2005). Sohlenius and Sandor (1987), Ycates et al. (2000), Liang 
et al. (2005) and Ou et al. (2005) studied the dominance of different genera of bacteriovore 
nematodes under different land uses, but no study has so far been performed examining the 
distribution of bacterivorous nematodes along increasing distance from a thermal power 
plant, as this power plant is the source of carbon which is emitted as smoke and settles in 
surrounding crop field affecting there available carbon, potash and phosphates in the soil. 
The present stud)' was planned with objectives to study the distribution of bacterivoroii 
nematodes in relation to soil pH, available carbon, potash and phosphates as influenced by 
the deposition of smoke released by thermal power station. 
Material and methods 
The samples for the present study were taken from wheat fields (Triticum aestivrun I..) in 
down wind direction from a thermal power station located at Kasimpur in Aligarh district 
(27.30 N, 79.40 E), which lies on fertile plains of Ganga and lamuna, called doab, one the 
most productive regions of India. Annual rainfall ranges from 700-1100 mm, and tempera-
ture ranges from 4 °C during winter to 40 °C during summer months. The power plant is 
functional since over last 50 years and has two long chimneys emitting smoke which settles 
in surrounding crop fields. Sampling was done at the time of harvesting of wheat crop on 
12'h .March, with the help of cylindrical steel corer of 5 cm diameter from the depth of 0 -20 
cm, along the distance gradient of 500 m (A), 1000 m (B), 2000 in (C) and 4000 m (D) from 
the source of smoke. Five replicates of three cores per sample were mixed together to make 
composite samples, which were then brought to lab for further processing. 
Nematodes were extracted from 100 g of fresh weight of soil using Cobb's sieving and 
decantation and modified Baermann's funnel technique (Tornar et al., 2006). All the bacte-
riovore nematodes from each extracted sample were counted and identified to genus level, 
based on stoma and pharyngeal morphology (Baniyarnuddin et al., 2007). Genus with 10 
or more than 10% of overall proportion was considered dominant. 
Chemical analysis of the soil samples was done at government soil laboratory at Quarsi 
farm,  Aligarh. Statistical analysis was performed on nematode genera t~rr different treat-
ments by ANOVA using SPSS statistical software. Differences with P < 0.05 were considered 
significant and P < 0.01 as highly significant. 
.l8 
Tab 1 e 1. Prupot tional contribution (%) of bacteriovore nematodes to the nematode assemblage along a distance 
gradient. 
A x C t) 
Acrobeles 8.7 12.1 3.4 24.3 
Acrobeloides 13.8 0.0 8.0 0.0 
Chiloplacus 2.9 9.7 10.7 9.8 
Cephalobus 20.0 14.2 16.9 22.0 
Chronogaster 3.7 3.0 10.7 0.0 
Eucephalobus 35.5 13.3 4.6 10.5 
Alesorhabduis 4.3 6.2 2.3 0.0 
Monhystera 0.0 8.7 11.2 10.0 
Plectus 3.7 6.5 11.2 8.7 
Panagrolaimus 7.2 12.7  11.4 9.4 
Rhabditis 0.0 13.9 9.2 5.2 
(where A = 500 m; B = 1000 m; C = 2000 m; D = 4000 m) 
Results 
Dominant genera of bacteriovores nematodes 
In the present study, 9, 10, 11 and 8 bacteriovore nematode genera were recovered from sites 
A, B, C and D respectively. Eucephalobus and Cephalobus were found to be the dominant 
bacteriovore nematode genera at all the four sites of study. Other dominant genera were 
Acrobeloides at site A, Acrobeles, Panagrolaimus, and Rhabditis at site B, Chiloplacus, Chro-
nogaster, hlonhystera, Plectus and Panagrolaimus at site C. and Acrobeles and Nfonhystera 
at site D (Table 1, Fig. 1). Plectus and Panagrolaimus were present at all the four sites with 
their abundance showing a gradual increase upto site B and subsequent decrease at site 
C and D. Except for Cephalobus, which had highest abundance at site A, abundance of other 
nematode genera did not follow any trend. The abundance of Acrobeles and Eucephalobus 
was significantly correlated with increase of distance (P < 0.05). Soil physical factors such 
as pH. available carbon and available potash (P < 0.01) and available phosphates (P < 0.05) 
were also significantly related with increase of distance from power station. The concentra-
tion of carbon gradually increased site B (42g/ha) and then it decreased to site D (25g/ha) 
(Fig. 2). 
Correlation between abundance of genera and soil chemical properties 
Abundance of nematode genus Acrobeles correlated positively with ph l (P < 0.05), while 
Acrobeloides correlated negatively with p11 and available carbon, while Rhabditis (P < 0.05) 
correlated positively with available carbon. No nematode genera were significantly correlated 
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Fig. 2. Abundance of bacteriovore nematodes and concentration of soil chemical properitics in relation to dis-
tance. 
with available potash, but available phosphates showed a high degree of positive correlation 
with Chiloplacus (P < 0.05) (Fig. 3, Table 2). 
Discussion 
The ecological roles of soil invertebrates include plant herbivory and the mineralization of 
nutrients in the detrital food web, both of which may be affected by change in carbon-flow 
patterns and, in turn have important impacts on ecosystems behaviour (Neher et at., 2004). 
As bacterivorous nematodes play important role in mineralization of soil (Wasilewska, 
1998), their abundance had a significant effect on productivity of soils. Enhanced carbon in 
form of CO, can indirectly affect soil organisms through shifts in the quantity and quality 
of plant litter returned to soil, the rate of root turnover, and the exudation of carbon and 
other nutrients into the rhizosphere (Couteax, Thomas, 2000; Wardle et al., 2004). In present 
study, the concentration of available carbon showed significant effect on the populations 
of Plectus, Acrobeles and Eucephalobus which indicates that carbon plays an important role 
in their survival. This is in agreement with Berkelmans et al. (2003), who reported higher 
abundance of bacterial feeding nematodes in crop fields treated with organic manures rich 
in carbon. The dominance of Acrobeloides and Eucephalobus in present study confirms well 
with those of Hanel (2003) for cultivated fields. The dominance of bacteriovores nematodes 
in tundra, taiga and deserts have been reported and it may due to absence of Angiosperms 
(Yeates, 1979) as bacterivorous nematodes start feeding as soon as climate change permits 
while other trophic groups need the development of food chain. Nielsen (1961) reported 
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Fig. 3. Correlation between abundance of different nematode genera with abiotic factors. 
the increase of bacteriovore nematode population with increase in humus which is rich 
in organic carbon. Among the bacterivorous nematodes Cephalobidae are often the most 
abundant group in soils (Yeates, 2003), which may explain the overall dominance of Eu-
cephalobus and significant relation of various cephalobids with respect to pH and available 
carbon. Rhabditidae have been reported to increase with nutrient flux, explaining positive 
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T a b I e 2. Correlation between bacteriovores nematodes and soil chemical properties 
A B C ll 1; is G H 1 ) K 1. 
Acrobeles (A) 1000 
Acrobeloides(B) -.391 1.000 
Chiloplacus (C) .153 -.080 1.000 
Cephalobus (D) -.031 .20? -.058 1.000 
Chronogaster (E) .103 .191 .317 -.220 1.000 
Mtonhystera(F) .238 -.028 .572" .194 .349 LOUD 
Plectus (G) .203 .099 .475 .337 .610" .718" 1.000 
Rhabditis (H) - U11 -.022 .654" -.086 .423 .665' .575" 1.000 
pH (1) .456' -.481' .246 -.053 -.258 .402 .185 .415 1.000 
avail. carbon (J) -.230 -.292' .331 -.245 .208 .384 .178 .464 .277 1.000 
avail. potash (K) -.070 -.484 .245 -.141 -.089 .289 038 .365 .533' .900" 1.000 
avail. phosphates (L) 130 -.210 .528' .148 -.071 .442 .216 .340 .396 .416 .463• 1 000 
' Correlation is significant at the 0.05 level (2-tailed). 
Correlation is significant at the 0.01 level (2-tailed). 
correlation of Rhabditis with available carbon. Yeates (2003) reported the dominance of 
plectids in structurally degraded soils, which may not be in line with present study where 
Plectus was significant with respect to available carbon. 
It may be concluded from the present study that while available carbon may plays an 
important role in life history of certain bacterivorous nematodes, the effects of potash and 
phosphates need to be further studied. 
Translated by the authors 
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Summary 
Functional diversity and detritus soil food web of soil 
inhabiting nematodes in natural woodland dominated by 
..Icuciu nilotica L. was studied. Functional diversity was 
studied in terms of trophic groups assessed by Trophic 
diversity index (TDI) and Shannon-Weaver index (H'), 
while food web was diagnosed by channel index (Cl). The 
plant parasitic channel was determined by plant parasitic 
index (PPI). The stability of the soil ecosystem was meas-
ured in terms of maturity index (MI), structure index (Si) 
and enrichment index (EI). Shannon-Weaver index of the 
area was recorded as 2.1 = 0.3 while trophic diversity in-
dex 2.6 = 0.7, maturity index (Ml) 3.1 - 0.2, channel index 
62.4 r 28.1 and structure and enrichment indices 68.1 
I8.5 and 15.4 = 13.7 respectively. A high degree of posi-
tive correlation was recorded between population of dory-
laims and Ml while some degree of negative correlation 
existed between population of plant parasitic nematodes 
and Ml. Population of other nematodes showed a positive 
correlation with SI and El. The faunal profile was found to 
be tilted towards quadrat C giving the idea of relatively 
undisturbed ecosystem with moderate enrichment and 
fungal decomposition channel. 
Keyv%ords: Channel index; enrichment index; food web 
dia;ncstics; functional diversity; India; maturity index 
Introduction 
Soil nematodes offer great potential for use as indicator of 
biodiversity and ecological stability, and for assessing the 
impact of changing land use on soil condition. The assem-
blage of plant and soil nematode species occurring in a 
natural or managed ecosystem constitute nematode com-
munity. Their role in a soil ecosystem is to recycle nutri-
ents by feeding plant tissue and micro-organisms and lib-
erating minerals for easy absorption by plant roots. Be-
cause of varied life spans and different reproductive and 
survival capacity, the nematode communities have been 
used as ecological bio-indicators to reflect environmental 
changes (Freckman, 1982; Samoiloft 1987; Bongers, 
1990). The abundance of each species in the community 
can be transformed into ecological indices and parameters 
to measure community changes in diversity and trophic 
structure (Bongers, 1990), and further to assess soil dis-
turbance levels and decomposition pathways. Nematode 
communities can be studied on the basis of functional 
groups which can be regarded as groups of species that 
have similar effects like predation or herbivory on eco-
system processes. Ecological indices based on the propor-
tional contribution of each nominal nematode taxon, such 
as Shannon-Weaver Index (II') Trophic diversity index 
(TDI), Maturity index (MI) and plant parasitic index (PPI1 
provide focused tools for assessing the stability / disturb-
ance in the ecosystem. The cp (colonizer-persister) values 
(Bongers, 1990) of species reflect the perceived position 
on a r-k spectrum based on their reproductive rate and 
correlated characteristics. The ratio between abundance of 
two functional groups, i.e., bacteriovores and fungivores, 
gives an index of the relative contribution of the two main 
decomposition channels. It is expressed as the Nematode 
Channel Ratio (NCR). Various functional guilds of nema-
todes have been described to compute Enrichment index 
(EI) and Structure index (SI) (Ferris et al., 2001). The 
enrichment index is based on the expected responsiveness 
of the opportunistic guilds to the food resourse enrichment. 
Thus, El describes whether a soil ecosystem is nutrient 
enriched (high E1) or depleted (low E1). The SI represents 
an aggregation of functional guilds with cp values ranging 
from 3 to 5. SI describes whether a soil ecosystem is struc-
tured/matured (high SI) or disturbed%degraded (low SI). 
Although a little is known about the abundance of plant 
and soil nematodes in tropical forests, some studies suggest 
that the total nematode population at a given site in a tropi-
cal forest may range from 8,100 per m` to 1,900,000 per 
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m' (Petersen, 1982). Pradhan and Das (1987) recorded 
monthly mean nematode populations between 151,000 and 
661.000'm= for Indian forest dominated by Shorea rohusta 
Gaert. F. Other forest soils include 79 species for a Danish 
forest (Yeates, 1972), 92 species for Slovakian forest 
(Salk, 1975), and 106 species in South West Germany 
(Ruess, 1995). Ruess (2003) compared decomposition 
pathways of different ecosystems. He recorded values of 
channel index (Cl) in crop field, grassland and forest as 18, 
24 and 50 respectively. Due to limited knowledge on the 
nematode community structure of tropical forests in India, 
the present study was planned. Thus, the objective of the 
present study was to assess the nematode community 
dh namics in an undisturbed forest ecosystem 
Materials and methods 
The site (27° 43' 0" North, 78° 5' 0" East) was an Acacia 
forest located I5 km from Aligarh city on Aligarh-Agra 
highway, Uttar Pradesh, India. It is a natural woodland of 
-i acia, trees covering an area of about 35 ha. Leaf litter 
covers the upper layer of the soil which is responsible for 
pH 7.2 of the soil. Available organic carbon of the area 
\%as u.30 %, while available potash and available phos-
phates 20 g-nt and 1.7 g n1 respectively. This forest is 
Trophic groups (genera) 
Predators 
12% 
generally free from human interference, as tree cutting is 
permitted only in the outer area. Bosephalus rragoc•amelus 
L. (Blue bull) is mainly responsible for grazing in this 
forest area. Five sampling sites, each covering an area of 5 
m2 were selected randomly. From each site five cores were 
collected from a depth of 0 - 10 cm using a steel corer of 5 
cm diameter, bulked and mixed to form a single sample. 
Sampling was done in the months of September 2005, 
December 2005 and March 2006. Samples were brought to 
laboratory and further processing was followed according 
to the method of Tomar car at. (2006). Mass slides 
containing two hundred nematodes per sample were 
prepared for identification. Identification up to generic 
level was done mainly using Goodey (1963); Jairajpuri and 
Khan (1982); Andrassy (1984), Siddiqi (1986), Jairajpuri 
and Ahmad (1992); Ahmad (1996). Trophic group were 
allocated according to Yeates ei at. (1993) and coloniser-
persistor (cp) scale was assigned after Bongers (1990). 
Nematode diversity was described using the univariate 
measures of the Shannon-Weaver index calculated at genus 
level (H'). Nematodes Isere assigned to five main trophic 
groups (bacteriovores, fungivores, herbivores, omnivores 
and predators) after Yeates ei al. (1993). Maturity index 
was calculated to estimate the relative state of the eco-
system studied (.t// _ ) t J') (where I', is assigned cp value 
Trophic groups (abundance) 
Fungi ores 	 1'n•Ca; ul~ 
Ordinal diversity (abundance) 
	
Ordinal diversity (genera) 
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Fig I Community structure of soil inhabiting nematodes in acacia forest 
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to taxon i,f is frequency of that taxon). Trophic diversity 
was calculated by the trophic diversity index (TD! =1 ' 
Jj i') (Heip et al., 1988) (where P, is proportion of individ-
ual of taxon ih in the total population). The channel index 
(Cl = !OO x 0.8 Fu2 % (3.2Ba; - Fu;)) (Ferris Cl al., 2001) 
(where Fu2. Ba_ are assigned functional guilds) was calcu-
lated to indicate predominant decomposition pathways 
(Ruess, 2003). Structure index (SI = (s.s+b) xlOO) and 
enrichment index (El = (e/e+b) xlOO) (where e, b and s are 
sum products of assigned weights and number of individu-
als of all genera) were calculated to determine the relative 
stability of the ecosystem. In all the above-mentioned 
indices, nematode families were allocated cp scale ac-
cording to their perceived life history strategy. All the data 
%%ere subjected to analysis of variance (ANOVA) in SPSS 
software program. Differences with P < 0.05 were con- 
sidered significant while those with P < 0.01 were highly 
significant. Correlation between indices and trophic groups 
were done by SPSS. 
Results 
Diversity and abundance (Fig. I) 
A total of fifty two nematode genera belonging to eight 
orders and twenty four families were recorded. The num-
ber of genera in fifteen samples varied from 7 to 16 per 
sample while abundance varied from 381 to 1404 indi-
viduals per 100 g dry soil. In terms of number of genera. 
the order Dorylaimida was most frequent followed by 
Rhabditida, Tylenchida, Enoplida, Araeolaimida, Mon-
hysterida, Alairnida and Triplonchida. In terms of number 
of individuals, Rhabditida was most abundant, followed h~ 
Table I Percent share of nematode genera present in Acacia forest 
Genera Family c-p Value Natural Genera Family c-p Value Natural 
assigned Forest assigned Forest 
y.  
Bacteriovores Ttdenchus T>Ienchidae 2 3.2'. S 
Acrobeles Cephalobidac 2 13.6, E .t"rphmenia Xiphinematidae S 0.8', R 
.lcrobelordes Cephalobidae 2 0.41, R Fungi%ores 
..laimus Alamidae 5 1.03, S ,4pheIenchua Aphelenchidae 2 3.82, S 
Chduplacus Cephalobidae 2 0.47, R .aphelenchordes Apheltnchidae 2 1.10, S 
Chronogaster Plectidae 2 7.5, D .lxonchium Belondiridae 5 0.20. R 
Cephalobus Cephatobidae 2 3.68, S Doryla n ellus Betondtridac S (L oi. R 
Gurcularra Rhabditidae 2 0.47, R 7) ,lencholaimus TN lencholaunidae 4 1.70, S 
Eucepholobus Cephalobidae 2 0.39, R Omnivores 
Mesorhabditis Rhabduidae 1 1.9, S .Imphidorylarmus Dorylaimidae 4 0.34, R 
.Monhtistera Monhysteridae 1 1.5. S Dorylaimus Dorylaimidae 4 1.21, S 
Pnsmatolaimus Monhystendae I 6.7, 1) Dorylatmoides Mydonomidae 4 3.62. S 
Plecrus Plectidae 2 0.75, R Eudondaimus Qudsianematidae 5 2.0. S 
Panagrnlaimus Panagrolaimidac I 1.22, S Ecumenrcus Qudsianemaudae 4 O.V. R 
Rhabdrtrs Rhabdnidae 1 0.82, R Kochinema Nordiidae 4 0.27, R 
Rhabdolmmus Rhabdrtidae 1 0.20, R Labronerna Qudsianematudae 4 0.13, R 
Tobrdus 1'npy hdae 2 0.89, R Orn•erutas Nordndac 4 1.76. S 
Teratorhabdurs Rhabdrtrdae 1 0.12, R Puronenrella Qudstanemandac 4 0.13. R 
WSlsonema Plectidae 2 0.61, R Sicorrnema Qudsianemaudae 4 0.20, R 
Zeldra Cephalobidae I 1.10, S .Mesodorylormus Dorylaimidae 4 5.37, 1) 
Herbivores Thornenemu Dor) IJImidje 4 0.06, R 
Boleodorus Tylenchidae 2 11.99, E Predators 
Basirra Tylenehidae 2 0.54. R .1porcelaimellus Aporcelaimidae 5 1.39. S 
lloplolwmus I loplolaimidae 3 1.23. S Discolamws Qudsianematudae S 1.90, S 
Helicotylenchus Hoplolaimidae 3 0.46, R Dtscolauno,des Qudsranematidae 5 0.48, R 
Hemicriconemoides Criconematidae 3 0.06, R Ironus lronidae 4 1.32, S 
Merhmus Belonolaimidae 4 1.70, S Lcumydorus Dorylaimidae 5 0.74, R 
Tylenchorynchus Belonolaimidae 3 0.57, R Trnpla Trips lidae 3 2,115, 
Trtchodorus Trichodoridae 4 0.27, R 
E - Eudominant > I0.0; D - Dominant 5 I — 100. S - Subdominant I I — SO. R - Recedents <_ 1.0 
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I::h,e 2 Trophic groups of soil inhabiting nematodes in Acacia forest 
(n=15,mean ±SD) 
I•rophic Groups 	mcan±SD 	Range  
Bacteriovores 418 = 151.21 216-706 
Ilerbivures 210±94.22 0-348  
Fungivores 69.38 t 56.00 0 - 233 
Omnivores 121.07±85.11 15-291 
Predators 57.92 f 30.9 0- 125 
11)1 2.60 	0.75 1.01-3.46 
Table 3 Characteristics of Acacia forest (AF'. n = 15. mean ± SD) 
Characteristics 	mean±SD 	Range 
Number of 
12.33±3.07 7 -16 
nematode Genera 
Abundance 828.27± 257.02 381 -- 1404 
11' 2.18±0.31 1.39-2.57 
Mt 3.16±0.27 2.67-3.6'? 
PI'I 3.06±0.37 0-3.55 
CI 62.49±28.13 o -100 
hI 1iAi+ I372 n_1Ug7 
[)orylaimida, Tylenchida, Araeolaimida, Monhysterida, 
Fnoplida, Alaimida and Triplonchida. The abundance of 	SI 	 68.15 = 19.5 	27.13 100 
dor} (aims per sample ranged from 20 - 53.8 %. tylenchids 
ranged from 0 - 46.7 %, while that of other nematode 	3.4 (2.6 = 0.7). Among bacteriovores the genus Acrobeles 
groups combined together ranged from 23 - 57 %. 	 was most dominant while the genera Boleodorus, Nfesodo- 
rylainrus, Aphelenchus and Aporcelaimellus were the most 
Irophicg'roups (Fig. I. Tables I and 2) 	 dominant among herbivores, omnivores, fungivores and 
Bacteriovores constituted the most dominant group in 	predators, respectively. Least dominant genera among 
terms of number of genera and individuals, followed by 	bacteriovores, herbivores, omnivores, fungivores and 
herbivores, omnivores, fungivores and predators. The 	predators were Teratorhabditis, Hernicriconernuides. Thor- 
number of bacteriovores in 15 samples ranged from 216 - nenema, .lxonchium and Lainrydorus, respectively. All the 
706 1418 ± 151.2) per 100 g dry soil, followed by herbi- 	samples contained bacteriovores and omnivores while 
gores U - 348 (210 ; 94.22). fungivores 0 - 233 (69.38 ± 	herbivores, fungivores and predators were absent from two 
5(.U), and omnivores 15 - 291 (121.07 ± 85.11). The 	samples each. In terms of' percentage share in a 
predators were least abundant, 0 - 125 (57.9 ± 30.9). The 	community, the Eudominant genera were .4crobeles and 
trophic diversity index (TDI) of the area ranged from 1.0 - 	Boleodorus while the dominant genera were Chronogaster. 
.00 
0.0 	10.4 	20 • 	30.3 	41.6 	621 	61. 
% Dorylalms 
f 	 cc 	6.t 	1r 1 	247 	14.1 	aa.6 	S1 a 
% Tylenchids 
	
0000 	 -1 
'16t 
• I 
6 
C 16° 
60°  
0.0 	10.0 	20.0 
186 
455
31.4 	41.6 	$2.3 	62.9 	 00 	6.6 	17.1 	25.7 	341 
% Others 	 % Tylenchids 
Fig 2. Correlation graphs between different indices in Acacia forest 
12.6 	51.4 
Prismatolaimus and Mesodorylaimus. The genera Alaimus, 
Cephalobus, ,tfesorhabditis, ,Nonhystera, Panagrolaimus, 
%eldia, Hoplolaimus, ,bferlinius, Oriverutus, Tvlenchus. 
.4phelenchus, Aphelenchoides, Tylencholaimus. Dory-
laimus. Eudorylaimus, Aporcelainrellus, Discolainius. 
Dorvlaimoides, lronus, and Tripyla were subdominants 
trhilr rest trere recedents. 
feeding roles (Gupta & Yeates, 1997), than for other meso-
fauna and they can be used in case studies for biomonitor-
ing and ecological investigations. Analysis of the generic 
composition of nematode community and determination of 
dominant genus with the application of current knowledge 
on their biology is an effective tool in evaluating the role 
of nematodes in the soil processes (Hanel, 1995, 1998). 
I able » Correlation coetii;icn: bet•.tieen different indices 
X11 PPI NCR D% T% 0% CI SI EI 
Ml 1.000 
PPI .024 1.000 
NCR .009 -.264 1.000 
D% .725** -.199 -.255 1.000 
T% -.422 .579* -.235 -.576* 1.000 
0% -.227 -.478 .52.4* -.321 -.589* 1.000 
CI -.092 .342 -.524* -.301 .499 -.279 	1.000 
SI .305 -.435 .387 .027 -.280 .305 	-.300 	1.000 
El -.475 -.386 .245 -.165 -.133 .322 	-.439 	.386 	1.000 
Correlation is signs icant at the 0 01 levels 
Correlation is significant at the 0 05 levels 
e 
Functional diversity and food web diagnostics 
For assessing the functional diversity and role of nerna-
todes in the forest ecosystem, various indices were calcu-
lated using the weighted faunal analysis concept of 
Bongers (2001). The results are presented in Table 3. 
Correlation studies between population of dorylaims, ty-
lenchids and other nematode groups (Table 4, Fig. 2) with 
various indices obtained in the present study revealed a 
high degree of positive or negative correlations. A high 
degree of positive correlation (+0.725) (P < 0.01) was 
recorded between population of dorylaims and MI, but for 
rest all other indices it was either negatively correlated or 
almost no correlation existed. Population of tylenchids 
were significantly correlated with PPI (+0.579) (P < 0.05), 
and to a certain level with CI (+0.342) (ns), while some 
degree of negative correlation was found with MI (-0.422) 
(ns). No correlation was found with El. Population of other 
nematodes showed a positive correlation to a certain level 
%%ith SI (-0.305) and El (-+0.322) while it was negatively 
correlated with PPI (-0.478) (ns). The graph plotted be-
tween enrichment index and structure index (fauna) pro-
file). was found to be tilted towards quadrat C (Fig.3), giv-
ing the idea of relatively undisturbed ecosystem with mod-
erate enrichment and fungal decomposition channels (high 
values of Cl). 
Discussion 
In recent Nears, much emphasis has been given to below-
ground di\ersity and its relationship with above-ground 
diversity. In soil, nematodes, collembolans and mites are 
the three groups of mesofauna which are considered as 
important biological indicators. Of the three groups, 
nematodes may be the most suitable for environmental 
diagnosis based on the community structure analysis, be-
cause more information exists on their taxonomy and 
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Fig. 3 Fasnal profile for natural forest 
(1.2,3 represent sampling times) 
The population fluctuation of herbivores is connected with 
plant growth in fields while those of bacteriovores with 
periodic changes of soil water content, and fungivores with 
fungal root decomposition in the soil. Stress factor as po1-
lution might have a considerable effect on functioning and 
stability of nematode community because of disappearance 
of the most sensitive species (cp 4 and cp 5), resulting in 
decreasing diversity (Korthals ei al, 1996). The most 
sensitive nematode species to pollutants and other disturb-
ances are the predators and omnivores nematodes. The 
predators regulate other soil biota numerically by feeding 
at the most dominant prey, which in turn provide an op-
portunity for recedent species to grow. The omnivores 
assist predators, bacterivores and fungivores where neces-
sary. As these persistors are the first to disappear, it is 
likely that system becomes less stable functionally in terms 
of soil borne plant pathogens and buffering against seas-
onal and unpredictable nutrient flushes (Bongers & 
Bongers, 1998). 
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In the present study fifty two nematode genera were re-
corded with bacteriovores constituting the most dominant 
group which is in full agreement with Yeates (2003) report 
of dominance of bacterial feeders in forest soil, The high 
value of Shanon-Weaver index (H') in the present study 
confirm well with the earlier reports for a pine forest, 1.99 
(Yeates, 1998) and 2.62 (Yeates, 2003) respectively, but 
as lower compared to one recorded for a natural forest in 
Arunachal Pradesh, India (Baniyamuddin ei al., 2007). 
They recorded H' value as high as 3.86, which may be due 
to the fact that natural forest in that part of India has enor-
mous plant diversity and is probably responsible for much 
diverse nematode fauna. The high value of full (3.t6) in the 
present study correspond well with the earlier reports, 2.68 
(Hanel, 1996), 2.07 (Pattison et al., 2004) and 3.37 (Bani-
yamuddin et al., 2007) in the natural forest. TDI also indi-
cated high diversity of trophic groups in this study. Popu-
lation of dorylaims showed a high degree of positive cor-
relation with MI, as the dorylaims generally represent cp 4 
- 5 nematodes the group having long generation time, low 
tecundit and great sensitivity to disturbance), and their 
eighted mean results in high value of MI. Population of 
ty fenchids also significantly correlated with PPI, as ma-
jority of tylenchids are plant parasites and are responsible 
for plant parasitic channel in the ecosystem. The value of 
plant parasitic index showed the presence of parasitic 
channels in the food web, which are reported to be present 
in a mature forest ecosystem (Baniyamuddin et. al., 2007). 
Ecological indices such as Cl, SI and El provide an insight 
into the nematode community structure in stressed, en-
riched, stable structured and decomposition environments, 
and pro\ ide information on the dynamics of the soil food 
%%eb I Ferris ei at, 2001). The percentage of the opportu-
nistic nematode grazers on fungi and bacteria, weighted by 
their fecundity and life course characteristics gives the 
nature of decomposition channels through soil food web, 
which is measured as Cl. It gives the degree of fungal 
participation in the primary decomposition channels of soil 
food webs. A higher Cl at any site indicates a higher pro-
portion of fungal decomposition and reflect the high rela-
tive abundance of cp2 fungal feeders (Aphelenchoididae 
and Aphelenchidae) and the corresponding low abundance 
of cpl bacterial feeders (Rhabditidae and Panagro-
laimidae). W3silewska (1997) suggested that high values 
of Cl indicates a slow cycling of elements in the ecosystem 
because the breakdown of dead tissue by bacteria and fungi 
releases bio-elements at a rate slower than that caused by 
phytophages. This may also indicate that there is relatively 
greater mineralization of nutrients via the decomposition 
pathways than via consumption of primary production by 
the nematodes. High Cl values recorded in this study imply 
that decomposition in this natural woodland was fungal 
dominated food web mainly because of relatively high 
abundance of cp2 fungal feeders. The SI values in the 
present study were high in agreement with that of high SI 
\alues in the natural woodland (Ferris ei al., 2001). This is 
because of high abundance of omnivores and predators 
tcp3-51, which suggests a food web with more trophic 
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linkages in the ecosystem (Ferris & Matute, 2003). Higher 
SI values suggest a complex community structure with 
more linkages in the food w;:b, greater resilience, and 
greater buffering of population (Ferris ei al., 2001), which 
potentially provides more biological control to regulate or 
suppress plant parasitic nematodes (Berkemans ei al., 
2003). El reflects the availability of resources to the soil 
food web and the response of' primary decomposers to the 
resources (Ferris et al., 2004). Generally, the low values of 
El reflects low abundance of Rhabditidae and dominance 
of Cephalobidae which is in full agreement with present 
findings, as El values are low because of the dominance of 
Cephalobidae, and low abundance of Rhabditidae. 
The graphical representation of El and SI is termed as 
faunal profile, where four quadrats (A, B, C and D) can be 
recognized for different type of soil conditions. The natu-
ral forests have food webs predominantly in quadrat C of 
the faunal profile in full agreement with present results 
(Fig. 3), indicating structured food webs and relatively low 
primary productivity. Many areas reflect the effect of man-
agement or disturbance. Some appear highly disturbed and 
nutrient enriched so that opportunistic nematode predomi-
nate (quadrat A, Ferris et al., 2001), while in some others, 
the food webs of the managed grasslands have attained 
some structure while still exhibiting a high level of primary 
productivity (quadrat B). Other areas may have quadrat C 
food web similar to that in natural grasslands. 
Nematode faunal analysis provides a powerful tool for 
diagnosis of the complexity and status of soil food webs 
(Wardle et al., 1995; Ritz & Trudgill, 1999) which can also 
be concluded from present study. The values of indices 
studied here agree well with earlier reports of these indices 
from natural forest ecosystems. Accordingly, the present 
study of the functional diversity and food web diagnostics 
show natural woodland dominated by Acacia, near Aligarh 
in India as mature undisturbed ecosystem. 
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Abstract 	 - 	- 
Soil samples • ere cuflecten with dinance at 5.20, 40, 80, 160, and 320 In from the Sheri-Ha(Shenyang-Harbn) Hghay-Nonheasr 
China, to invesdeate the effect or heavy metal, of highway ungin on soil ncmamdc guilds. The coriews of soil Pb, Cu. Zn. no he 
ec Ki.ode cummunh, s[mclure were analyzed. The wails showed that the contents of' otI and available Ph. Cu, Zn varied slgd lhcantly 
w Ith the diners,[ dI tunes from the highway. Pb was the main pall uranL in Ilse soils in the vi ci ni ly of Shen-Ha -ugh way The zo see 
from 20040 m away front the highway was the most polluted area. The highest zbunI1aiic, of soil nematodes wm found ul Sill while 
the lowest at 20 in away from the highway. Thidy six genera of ncmatedes belonging w 23 lumilies were sJqiisheJ' Nematode Salida 
having diferent responses to soil heavy metals were classified into four types. Soil nemzmde guilds may act as a prominent mdicztar 
to heavy metal p.atludun of highway origin. 
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Introduction 
In recuot years, the construction of highways coutri bu sal 
to the development of industrial and agrioulturul pro-
duction. However, the environmental pollution problem, 
especially heavy metal pollution, appeared during and 
after the construction of highways. For example, road 
transportation on the highway and waste materials from 
construction etc. contaminated the atmosphere, water and 
soil near the hig'rway via annospheric fallout. Some stud- 
ies had pros ed that heavy metals including Pb, Cu and 
Zn were the main pollutants from the highway (Nabulo er 
al.. 2006', Preclude et at. 2007). In 1994, approximately 
28390 cons of Pb was emitted in the atmosphere, with a 
contribution of 70% from road transport at the vicinity of 
highways in the European part of the former Soviet Union 
(Gromov and Emelina, 1994). These heavy metals were 
usually dispersed in relatively higher concentrations in the 
vicinity of a highway with a gradual depletion as distance 
from the source increases and had a significant impact on 
the Cnvi  Ruin lcnl (Sezgiii el aL. 23). 
Heavymetal pollutants influenced the food availability 
and competitive indnracBons among species of soil biota 
and finally affected the biota communities in an indirect 
coresponoing ovanor. E-mail: tran,wJr2fa.ae cn  
why (Karthals el al., 1996a). It has been vhown that soil 
nematodes are good indicators of soil ecological processes 
(Eksehmin clot, 2001; Neher, 2001; Liung ei al , 2007). 
Thcrcforc, the studies on soil nematode community level 
can account for the effects of puluPomx on soil ecurystems. 
Based on the different feeding modes and life-history 
strategies, soil nematodes were classified according to c- 
p values ranging from 1 to 5 (Bangers. 1990; Yeas 
and Bongos, 1999). The ncmatudes with c-p I were 
co oniaers and r-strategists with short generation time. and 
usually tol cram to disturbance. The nemarode.s with c-p 5 
were persisets and K-strategists with longest genermioil 
time, and usually sensitive to disturbances (Bangers and 
Bangers, t998; Ferris el al_ 2001), 
Soil nematodes have been utilized to evaluate the corn-
plex soil pollution condition produced by heavy metals 
(Veates et al.. 2003. Zhang et al, 2006). Nematodes 
offered perspectives for the study of pollutant effects at the 
community level (Korthals el al. 1996b), Analysis of the 
c-p group composition of the nematode assemblage was 
a valuable tool to detect heavy medal pollution (Bongers 
and Faris, 199<9). The relative abundance of the different 
life-history groups and, to a lesser extent, the diterept 
feeding groups of nematodes indicated pollution-induced 
changes in the soil community (Korthals et al., 1996a). 
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The effects of heavy metals on different life-history groups 
of soil nematodes were different. Georgieva et al. (2002) 
found that Cu and Zn treatments reduced the persisters (K-
strategists) and stimulated colonizers (r-strategists). The 
nematode community composition and diversity indices 
were also strongly affected by the contents of soil heavy 
metals (especially by Pb, Cu, and Zn) (Sanchez-Moreno 
and Navas, 2007). 
The highway from Shenyang to Harbin (Shen-Ha High-
way 1 is 532 km, and about 50000 vehicles travel on it every 
day. Many important agricultural fields are distributed in 
the v iciniw of the highway. Vehicle emission is the one 
of :Ue Most important sources of heavy metals pollution. 
The heavy metals from vehicle exhaust accumulate in 
the roadside field soils and cause a threat to ecological 
cm ironnlents (Xia el al., 2004). Although some research 
works had been done to evaluate nematode responses to 
heavy metals from sources such as metallurgical factory 
(Li et al., 2006; Zhang et al., 2007) and sewage sludge 
(Weiss and Larink, 1991), there was a little information 
on the effect of heavy metal pollution from a highway on 
soil licm1alode life-history groups. The objectives of this 
study t+ere to investigate the distribution of soil nematode 
guilds along the increasing distance from the Shen-Ha 
highway, to assess the effect of heavy metal pollution from 
highway on soil nematode communities, and to provide 
a nematologieal basis for environmental monitoring and 
control near the highway. 
I Materials and methods 
Soil samples in the depth of 0-20 cm were taken from 
a maize field (100 in x 320 ni) with increasing distance of 
5, 20. 40, 80, 160, and 320 m (Viard etal., 2004) from the 
west side of the Shen-Ha highway on October 5, 2007. The 
soil is classified as a Hapli-Udic Argosol in Chinese Soil 
Taxonomy. The samples were collected using a soil corer 
of 5 em in diameter with five replications. Each replication 
was composed of 5 soil cores. Soil samples were placed in 
individual plastic hag and transported to the laboratory for 
chemical and nematode analyses. 
Soil chemical properties, such as soil pH, total organic 
carbon (TOC), total nitrogen (TN), total heavy metals 
(Ph. Cu, 7..nl, and available metals (Pb, Cu, Zn), were  
determined according to Li et al. (2006). 
Nernatodes were extracted from 100 g (fresh weight) of 
soil from each sample using modified Bacnnann's funnel 
technique (Tomar et al., 2006). After counting the total 
number of nematodes, 100 specimens per sample were 
randomly selected and identified to genus level using an 
inverted compound microscope (Wu et al., 2002; Ferris 
and Matute, 2003: Li et al., 2008). Nematode taxonomic 
and functional diversity was analyzed. To understand the 
effect of heavy metals from the highway on soil nematode 
communities accurately, soil nematodes identified were 
classified to five life-history groups (c-p I to 5) and four 
feeding types (Yeatcs ei al., 1993). The colonizer-persister 
(c-p) values for taxa are adopted from the previous studies 
(Bongers and Bongers, 1998: Bongers, 1990). 
Nematode data were ln(.r+I) transformed before anal-
ysis to achieve normality of the data. Then, all data were 
analyzed by one-way analysis of variance (ANOVA) With 
treatments as independent variables. Mean separation was 
conducted based on LSD, and differences with P < 0.05 
and P < 0.01 were considered significant and highl 
significant respectively. Spearman's correlation test %%as 
used to assess the correlation between nematode guilds and 
soil chemical properties. 
2 Results 
2.1 Soil chemical properties 
The soil chemical properties at different sites with 
increasing distance from the highway were listed in Table 
1. Significant differences were found in soil chemical 
properties at different sites, except in TOC. The average 
values of pH ranged from 5.16 to 6.44 and the soil samples 
between 5 m and 320 m sites were all weakly acidic. The 
average contents of total N ranged from 0.87 to I.16 g kg, 
the highest value was found at 40 m site and the lowest at 
5 m site. The values of C/N were significantly higher at 5 
in site than at other sites (P < 0.05). 
The contents of total Pb, Zn, and Cu varied significantly 
with the different distance away from the highway. The 
highest values of total Pb, Zn, and Cu were detected at 40 
nn, Sin, and 20 in site, respectively, and the lowest values 
at 320 in, 320 in and 5 in sites (Table I ). The values of 
rattle I 	Soil chcmic: Properties at .Jirferent .it,N 
Distance from sample site to Shen-Ha Highway 
5m 20 in 40m 80m 16) in 320 m 
pH 6.44 ± 0.15 a 5.69±0.48b 5.35 ± 0.27 be 5.61±0.21b 5.16±0.16c 643:0.32a 
T(X(g;kg) 14.62± 1.82 a 13.1710.37 a 12.68 ± 0.67 a 12.16t0.37a 12.42 ± 0.99 10.46±1.32a 
TN 	g) 0.87±U.14c 1.13±0.05 a 1.16±0.17a 1.07s0.09ab 109±O.IUa 093±0.04)bc 
C/N 16.96 ± 5.94 a 11.68 ± 0.60 b 11.01±1.20b 11.4111.15b 11.4511.38h 11.26 ± 0.88 b 
T-Pbtmg/kgl 61.36t5.26b 65.96± 15.02 b 82.12t6.25a 56.23± 17.35 be 44.89111.95: 44.73±89c 
1-Zn 	tog/kg) 150.18±7.72a 116.42 ± 7.49 b 130.20±14.59b 120.24 ± 12.55 b 123.41t18.96b 92.27±2.35c 
T-Cu(mg,kg) 20.42±3.76b 27.4111.99a 23.26± 292b 21.03t1.55b 22.20±3.66b 2186t340h 
A-Phimgrkg) 4.601 124a 5.25t0.68de 8.051 I.00ab 6.08t0.94cd 7.061 I 	68 88(1i058a 
A-Zntmglkg) 6.31t135a 3.0010.45c 2.49±0.22c 2.93±0.55c 4.69±l.74b 2.18tU57c 
mg/kg) 3.86 ± 0.35 c 4.64 ± 0.30 b 5.96 ± 0.68 a 5.74 ± 0.50 a 5.70s0.28a 370:(1.3+, 
Mean satues in a row with different letters are sigmficaml> different from each other at P <0.05; values are expressed as mean : SD (n = 5i 
TOC: total organic carbon: TN: total nitrogen; T-Pb: total Pb: 1-Zn: total Zn; T-Cu: total Cu. 
•\ Pb a%aitable Pb; A-Zn a%ailabte Zn: A-Cu: available Cu. 
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total Pb and Cu showed a similar trend, which increased at 
first and then decreased. In addition, the total Zn showed 
a decreasing trend along the increasing distance from the 
highway. with the average values ranging from 92.27 to 
150.18 mg/kg. 
Significant differences in the contents of available Pb, 
Zn, and Cu were also observed with the different distance 
from the highway (P < 0.01). The contents of available Pb, 
Zn, and Cu showed similar trends with those of total Pb, 
Zn and Cu. The highest values of available Pb, Zn and Cu 
appeared at 320 m, 5 m, and 40 m site, respectively. The 
lowest values of available Cu and Zn were both detected at 
320 m site. but that of available Pb was the lowest at 5 in 
site. 
2.2 Total nematode number 
The average value of total nematode number ranged 
from 293 to 720 individuals per 100 g dry soil, decreased 
from the highest at 5 rn site to the lowest at 20 m site and 
subsequently increased from 20 m to 40 m site (Fig. I). 
Significant differences in the total nematode number were  
found between the S m site and other sites (P < 0.05'1. 
2.3 Taxonomic composition of soil nematodes 
Thirty six genera of soil nematodes belonging to 2 
families were identified (Table 2). The highest number 
of genera was 27, which was found at 5 m and 160 m 
1000 
800 
600 
400 
200 
0t 
0 50 100 150 200 250 300 350 
Distance from the highway (m) 
Fig. I 	Abundance of total nematodes at different sites. Error bars 
represent the standard error of the mean. n = 5, bars with different letters 
are significantly different. P < 0 05 
Table 2 Relative abundance (%i of nematode genera at different sites 
Genus 	 Guild' 	 Distance from sample site to Shen-Ha Highway 
5m 	 20 m 	 40 m 	 80m 	 160m 	 320 m 	 P %aloe 
Mesnr)iabdtis Bal 0.4 3.4 0.5 1.1 2.7 3.7 n.c 
Alonhyslera Bat 1.0 1.8 0.0 1.7 0.2 0.8 <0.05 
Panagrolaimus Bal 0.3 0.0 0.0 0.0 0.0 0.0 ns 
Rhabditis Bal 0.4 0.0 0.0 0.2 0.0 0.0 ns 
Acrvbeles Ba2 I.4 0.4 0.0 0.2 0.0 1.2 ns 
sActIbelottles Ba2 0.9 0.4 3.4 0.0 1.5 0.3 ns 
Cephalobus Ba2 6.2 7.5 3.9 4.0 0.6 4.0 ns 
Chiloplacus Ba2 8.6 2.3 4.8 0.0 2.2 0.0 < 005 
Ewxphalobus Ba2 1.4 2.3 2.6 4.7 1.7 2.0 ns 
wi/sone,na Bat 02 0.4 0.0 0.8 0.5 0.0 ns 
Prisnwuo?aimus Ba3 00 0.0 0.0 0.9 0.2 2.1 < O.0 1 
Terarneephatus Ba3 0.0 0.0 0.6 0.0 0.0 0.0 ns 
Aphelenchus Fu2 6.5 5.0 3.5 2.4 1.7 3.0 ns 
Aphelenchoides Fu2 0.0 0.8 0.2 0.3 0.2 2.4 ns 
Diphtherophora Fu3 1.0 0.0 0.0 0.0 0.0 0.0 < 0.01 
Dorviaimoides Fu4 2.7 1.5 0.1 3.4 1.3 0.9 ns 
T,'Ie,,cI,ola,njus Fu4 0.0 0.0 0.1 0.5 0.0 0.0 ns 
Epidorvdnimus Op4 00 0.2 0.0 0.0 0.2 0.0 ns 
Eudorvlatmus Op4 1.9 l.3 0.8 0.9 0.4 1.9 ns 
Inrunchus Op4 00 0.0 0.0 0.0 0.2 0.0 n.. 
.Lhlonchulus Op4 0.0 0.0 0.0 0.2 0.2 0.0 ns 
Thornenerna Op4 1.0 1.0 0.0 0.0 0.4 0.0 us 
Aprnrelairnellus O, 5 1.1 0.0 0.2 0.2 0.6 0.0 ns 
A.conchium Op5 4.4 1.2 1.8 0.6 1.2 0.0 < 0.01 
Dcrcolaunu.r Op5 0.3 0.0 0.0 0.0 0.0 0.0 no 
A,elenchus H2 1.4 0.0 00 0.0 0.0 0.0 n, 
/inletdorus H2 1,4 3.8 1.8 6.6 0.0 5.0 <0.05 
Filenchus H2 3.5 4.1 3.2 I.3 1.2 2.4 ns 
Ttiienchus H2 1.1) 2.5 3.0 0.5 4.2 3.7 ns 
Criconernoides H3 0.2 0.0 0.0 0.0 0.6 0.0 ns 
Helicotylenchus H3 37.9 38.2 51.5 58.2 61.6 57.3 ns 
llererodera 113 0.0 0.0 8.8 0.4 1.1 0.0 < 0.05 
RirsehmanieIta H3 0.0 0.0 I.0 1.3 2.1 2.6 ns 
Praprlenc hus H3 12.2 18.4 5.9 7.9 7 	I 6.5 ns 
Tnrpluuus H3 2.3 3.4 0.8 I.6 6.0 00 ns 
0ttrNliifn:eNus HS 0.4 0.0 1.5 0.0 0.4 0.3 ns 
Number of taxa 27 21 22 24 27 18 us 
` Guild designation is the composite of feeding habit and c-p salue. 
Ba 	bacIectsores. Fu' fuagisoorest Op. otuni 	re-predators It' herhisore,. n,:n',bets iolloNrng the letters in Gu1id indicate the C-p value of each ld\on 
(Banger, and Bangers, 1998. I3ongers, 1990, Ferris and Mature. 2003; I.i era! . 2008). 
n.: non-ugmficant. 
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site. Helicory4nchus was the dominant genus at all the 
sampling sites with the highest dominance (61,6%) at 160 
in site- Pratyleirchur was dominant only At Sand 20 in sites-
Panagm(aimus, Dipluhemphora, Aglendmr, Dircolaimus 
were only present at 5 in site, 
2.4 A cmatudc guilds 
The soil nematode feeding types (bacterivores (Ba). 
fungivores (Fu), herbivores (H) and omnivores-prcdalor5 
(Op)) and life-history groups (c-p I to 5) are listed in 
Table 3. The numbers of hacterivo rs with c-p 2 decreased 
with the increasing distance from the highway and the 
bacterivore.s with c-p 3 showed an opposite trend. Among 
all groups, the abundance of nematodes were low with 
high c-p values (c-p 4 and 5) than that with low c-p 
values (c-p I, 2 and 3). Significant differences in the 
number of umnivores-predators with c-p 5 were found 
among different sites (P < 0.01). The herbivores with c-
p 3 were he dominant group, but no significant difference 
was found in their dominance values. 
2,5 Correlations or nematode guilds with sail chemical 
properties 
The correlations between soil nematode guilds and 
soil chemical properties are listed in Table 4. Significant 
positive correlations were observed between the content of 
total organic carbon and the numbers of bacterivores with 
c-p 2 and fuogivores with c-p 3 to < 0.0]),  and between 
C/N and the numbers of bacrerivores with c-p 2, omnivore-
predators 'with c-p 5 and fungivores with c-p 2-3 (I' < 
0.01). Significant negative correlation was found between  
the content of rural nitrogen and the numbers of fungivores 
with c-p 2 (P <0,01), herbivores with c-p '_ (P < 0.01) and 
umnivdre-predators with c-p 4-5 (P <005). 
The number. of bacterivore9 with c-p I negatively 
correlated with the contents of toad Ph (P < 0 01), while 
those of fungivores with c-p4 and omnivore-predators with 
c-p 5 negatively correlated with the contents of available 
Pb and total Cu (P <0,05). Si gnihcant positive correlations 
were observed between the total and available in and 
bacterivorec with c-p 2 (P < 0.05), fungivores with c-p 3 
(P < 0.01) and omnivore-predators with c-p 5 (1' < 0.01), 
and Between the available Zn and fungivores with c-p 2 
and herbivores with c-p 3 (P < 0.05), while significant 
negative correlation was found between the total Zn and 
bacterivores with c-p 3 (/' < 0.05). Fongivores with c-p 2. 
herbivores with c-p 2 and omnivore-predators with e-p 4 
negatively correlated with the content of available Cu and 
positively correlated with pH. 
3 Discussion 
Viard er at (2009) testified that Ph was the main heavy 
metal in evaluating pollution from highway Iranic In 
current study, it was found that the soil in the vicinity of the 
highway had been contaminated by Pb, but not by Cu and 
Zn according to the Chinese National Standard (GB 15618-
1995), Du er u1. (2007) found that Pb pollution affected a 
roadside soil mainly within 50 m away from the highway. 
Our results also showed dun the contents of both total and 
available Pb were high at 40 in from the highway. The 
dispersion of contaminants is influenced by meteorological 
5able3 Absolute ubu ndimz lindi viduels erlc0g dry ml H of wmmrde guilds m d lffront situ 
Guild 	 ❑  Wance fain sample it CO Shl. Ha 
5nl 	 20m 	 40m 	 80m 
Bal 1±5a II ±2 Imla 52t5e 13Sa 21:3a 
6a l2t32u 40t8b 551121 39±86 31±146 36t8b 
IM3 0±01 dtOb 2t2b 5t3ab Is' 9x3a 
Put 47213. I5t3e 21 i i 	a I1±Sa ii ±9a 24±6. 
Fu3 lt3a Oaob UtOb 0±01, Unob Otob 
Fu4 18alls 5±3a Iala 16a9a 5t3e 4±2a 
0p4 16+9a 8±4a 3t3a 433a 5126 Sx,la 
Op5 36.ca 3±21 It x56 3<Ib 7±46 OzUb 
H2 53± 16a 30s9a 36z 12a 34.112 a 23s4a 53± 12a 
143 396± 	02a IAl 	r33a 328t89a 292m57a 369±49a 324a53a 
H5 4:2s O*Ou 5x3u D:Da l 	+ 	In I±Ia 
M raa &iiue my line wah Ififia eat lenersare xignifcsntly different from each other a P1005. atats as expreend as man x anndard ertnr i"= 5t 
table 	Canelaunn between nemmode guilds and soil chemical pmpenies 
Cuild Pit TOC TV C/N r-?b 1-Cu TZ,n A M, ACn A•Zi 
Hal 0304 0242 -0.151) 0242 -0.606" -0.238 4.026 0.034 -0.217 0.164 
nag 0.294 a. 609^ -0311 0802' ii 140 -0164 0.624" -02 F? -0.229 O.410 - 
sal 0,263 -0.320 -0.116 -0.2(5 -0.178 -0.06 -0.419` 0.304 -0,208 4725 
Fug 0.478^ 0112 -Q506^ 0.614' 0.221 -0.145 0.211 -0236 -04011  0429' 
Fu3 0.357 0.563" -0306 0615° 0.101 -0.10) 0.54^ 0319 0131 0.635^ 
Fu4 0,215 -0.0118 4.272 0-103 -0.026 4.374" 0.276 -0369 -0.107 0.107 
0p4 0.391" -0.047 -0.412` 0.310 -0.(46 -0.094 0.076 -0.094 -0.365' 0.173 
0337 0.264 -0.429- 0.550"• Op5 
 
0.063 -0.406' 0.559" -0.443" 4.177 0.497 
H2 0.525" -0,002 -0.470" 0307 0190 005A -0-048 -0-056 -0.437"• 0.110 
H3 -0.019 0007 -0.268 0.133 0.049 -0.140 0168 0005 0.022 0.361. 
as -0.W2 0.I Bfl -0.01W 0.182 0.237 O.IO 0338 0.142 -M (X3 0.173 
- P e 0.05. '• P c 0.01 
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conditions, like wind, rainfall, profiles or traffic intensity 
(Viard et al., 2004). Therefore, the heavy metals from the 
highway influenced by factors like wind would spread to 
a certain distance and then deposit and accumulate in soil. 
This was the reason why we did not find a high content of 
Pb at 5 in from the highway. But the content of available Pb 
at 320 m from the highway was high. It could be concluded 
that the Pb mainly from the traffic emission had little effect 
on the soils far away from the highway and the background 
value of soil and other factors were main factors to affect 
the concentration of soil Pb in this condition. 
The total nematode numbers showed a similar trend to 
the content of soil Zn and the opposite trend with soil 
Pb and Cu. The responses of nematode genera in the 
different or the same guilds to heavy metal pollution were 
varied. There were also different responses in different 
life-history groups and feeding types of soil nematodes 
to heavy metal pollution from the highway. The soil 
nematodes communities were classified to several types 
according to the responses to the highway pollution. 
The first response type of the life-history groups was 
the group with negative responses to the heavy metal, 
which included bacterivores with c-p I and 3, and fungi-
vores and omnivores-predators with c-p 4. According to 
Shukurov el al. (2006), a negatively bioindicative response 
to heavy-metal pollution was most evident among the 
omnivore-predators and fungivores. Several publications 
also indicated that contamination of a field with heavy met-
als decreased nematode abundance and generic richness 
(Korthals et al., 1996b; Georgieva et al.. 2002; Nagy ct 
al., 2004). In this study, the results such as the significantly 
negative correlation between total Pb and the abundance of 
bacterivores with c-p 1 (Table 4) proved this conclusion. 
The second type was the group with positive responses 
to the highway pollution, which mainly included bacteri-
vores with c-p 2 and fungivores with c-p 3. Significant 
positive correlation between bactcrivores with c-p 2, fun-
givores with c-p 3 and the total and available Zn indicated 
that these groups were more tolerant to the high%% 
pollution than others. Our findings were consistent with 
conclusions of Korthals et al. (1998) and Li et al. (2006). 
The third group had negative or positive responses to 
different heavy metals. The total Cu and available Pb sig-
nificantly decreased the abundance of omnivores-predators 
with c-p 5, but the total and available Zn increased their 
abundances. The available Cu significantly decreased the 
abundance of fungivores with c-p 2, but the available Zn 
increased their abundance. These results were consistent 
with the result of Nagy (1999), in which Zn had the 
most apparent positive impacts on structure of nematode 
assemblage. 
The fourth type gave no significant responses to the 
highway pollution, such as herbivores with c-p 5. There 
were no significant differences in the group with the 
distances from the highway increasing. The density of the 
herbivorous nematodes can be related to biomass and vigor 
of plants (Bongers and Ferris, 1999; Yeates and Bongers, 
1999). Therefore, we can explain the correlation between 
herbivores with c-p 2 and 3 and available Cu and Zn 
supposing that the Cu and Zn as microclements affected 
the herbivores indirectly. 
The significant correlation were found not only between 
heavy metals and nematode guilds but also between soil 
chemical properties and nematode guilds. For example, 
significantly positive correlation were found between bac-
terivores with c-p 2, fungivores with c-p 3 and TOC. 
However, no significant difference was found in TOC at 
different sites and only the variation of TOC could not 
explain the significant differences of bacterivores with c-
p 2 and fungivores with c-p 3 at different sites. In addition, 
other soil chemical properties such as pH and TN were also 
correlated with certain nematodes guilds. Soil properties 
not only affect the nematode community structure, but also 
bioavailability and toxicity of contaminants (Kothals etal., 
1996). The site-specific character exists in the change of 
soil nematodes owing to heavy metal pollution (Bakonyi et 
al.. 2003). Therefore, the distribution of nematode guilds 
are probably better explained by the Joint action of soil 
properties and heavy metals. 
It could be concluded that the areas from 20 m to 40 m 
in the vicinity of Shen-Ha highway were heavily polluted 
by Pb and there was low abundance of soil nematodes. 
In most cases, the abundance of nematode guilds was 
inhibited by the heavy metal pollution from the highway. 
but was stimulated by Zn. The condition of soil heavy 
metal pollution from the highway can be indicated by the 
changes in nematode guilds. The nematode guilds ma act 
as a prominent indicator to highway pollution 
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